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ABSTRACT 

This report describes four individualized programs 
which simulate physical experiments in force and motion, graph and 
data collected by individual students and provide feedback to each 
student relative to his generalizations. An overview of the unit is 
provided, descriptions of the unit and accessory materials are 
presented^ sample runs of the four progra iBcluaed, and 

instructional objectives are listed. Instructions given the students 
concerning procedures for running the programs, instructions for the 
teachers in regard to use of the programs, and evaluation instruments 
are included •One section of the report describes a study which 
evaluated the classroom use of these computer-based simulation 
programso Finally, the program and file listings for each of the four 
programs, and non-computer simulation problem sheets are provided. 
(DT) 
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NEWTON'S LAW: A COMPUTER-BASED SIMULATION FOR INTRODUCTORY PHYSICS 



PURPOSE 

These four individualized procjrains siniulato physical 
experiments in force and motion, graph the unique dnta 
■■collected by individual students, and provide feedback to 

■ each student relative to his Generalizations. Film loops 
are available to improve the realism of each simulation, 

ACCESS INSTRUCTIOilS' . 

Get-FORCEA 

(Instructions for accessing successive programs are included 
within the first program of the series) 

DESCRIPTIOfI 

These programs introduce f!ev;ton's Second Lav; through simulated 
laboratory experiences, and the Newton and Kilogram are defined. 
In using the programs, studciics iriiprove their ability to oiake 
' generalizations from graphed data and they will improve their 
• understanding of motion and the property of inertia (fJev/ton's 
First Law). The simulated experiments parallel a series of 
fundamental > inductive experiments developed by the Physical 
Science committee 1 The experiments are basic, yet to set up 
and adjust the real apparatus is a very time coi>:Suini nn process. 
This laboratory simulation is not designed to replace. all 
first-hand experience with materials; however, the learning 
process can become more efi'^jctive and efficient if appropriate 
laboratory work is supplemented with individualized, simulated 
experiments. 

In each of the four programs the student must specify the 
variables for the particular experiment, e,q., the amount of 

■ force to be applied and the mass of the cart, in response, to 
specific questions from the computer. The con.puter acts as 
"lab partner'* and graphs the data: it then asks numerous 
questions about the regularities which are present, for example, 
the student has to determine acceleration from a graph of 
velocity vs. time in a couple of places. 



If the student responds incorrectly, he is given assistance, 
and if he fails to grasp the concept after help has been provided 
more than once by the computer, he is instructed to see his 
teacher before preceding; the program is then automatically 
terminated. Each, completed simulation ends by instructing 
the student to list the sources of experimental error as he 
envisions them and to state the conclusions which can be 
drawn from the experiment. He is encouraged to pursue the 
investigation further at home or in the lab, 

SUGGESTIONS FOR TEACHERS 

This simulated experiment series is most appropriately 
utilized after linear motion and the property of inertia have 
been discussed but prior to introducing Newton's Second Law, 
Since students will spend approximately 30 minutes on eacli 
of the four programs, scheduling is critical when large numbers 
of students are involved. If multiple terminals are not 
available, other materials such as vectors and circular motion 
may be discussed in class while students progress through the ^ 
simulated experiments on their own time. 

To insure that students complete the series of programs, 
teachers should ask them that they turn in completed programs 
or that they include them in their laboratory notebooks. When 
a student reports to his teacher because his program was 
terminated early and he needs additional help, he should bring 
the computer output with him for review with his teacher. The 
concept causing the difficulty v/i 11 be apparent in the closing 
lines of the program output. 
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Description of the Force and Motion Unit 

The series of simulations produced in this study parallel the fun- 
damental, inductive experiments developed by the Physical Science Study 
Committee (PSSC) through which Students generalize Nevton's Second Lav. *^ 
General objectives of the Force and Motion Unit for experimental and con- 
trol groups are : 

A. To provide the student with a detailed understanding of Newton's 
Second Law; 

B. To help the student develop graphical skills and an ability to 
interpret graphed data; 

To help the student develop inquiry skills. 
A mare detailed list of specific objectives for the unit stated in 
, behavioral terms is included in a subsequent section of this report. 

Film Loops . The simialated investigations begin as the student views 
a film loop showing a Jet plane during take-off. The film loop places 
the student in the role of experimenter, and through over-printing he is 
asked questions which cause him to consider the variables affecting the 
acceleration of the plane. The film fades from the airplane to a labor- 
atory environment wherein the Student is shown how to measure the effects 
of variables upon the acceleration of a dynamics cart. After viewing ' 
a person working with the apparatus , students acquire simulated data that 
they must analyze. After their analysis of the data, they move through 
successive viewings of film loops and interactions with the simulated 
experiments. 

1 Physical Science Study Committee. Physic s Laboratory Guide . Englewood, 
N.J.: D.C. Heath and Co. ^ 1965, p. 35-37. 




Programs > The simulations are broken into four major components, 
each developing one major idea as depicted in Figure 1. Program #1 
(FORCEA) develops the concept that the velocity of an object changes at 
a constant rate when a constant force is applied, i.e. , a constant force 
produces a constant acceleration e It also introdu2:LS the notion that the 
acceleration of a body is iri sosie way inversely related to its mass. .^ 
Program #2 (FORCEB) develops the idea that the acceleration of an object 
is directly related to the applied force. Program #3 (FORCEC) develops 
the idea that acceleration is inversely proportional to mass when th# 
applied force is held constant * Program ffh (FORCED) synthesi?/S3 these 
concepts and develops Newton's Second Law from them; It also introduces 
the newton as the unit of force in the MKS syste?^^ Each program concludes 
Viih problems reviewing the concepts developed in the unit up to that 
point. Also, the student is asked to list the sources of experimental 
error as he envisions them and to stata the conclusions which can be 
drawn from each investigation. He is encouraged to pursue each investi- 
gation further at home or in the laboratory. 

Students interact with the computer through remote terminals using 
natural language messages to get unique data they are to analyze. Each 
computer program begins with a short question to assess whether or not 
the student has attained the competencies necessary to enter that phase 
of the unit. If he does not meet the entrance competency required in 
programs #2, #3, and 0k ^ he is given a second chance to do so without any 
assistance. If he responds incorrectly the second time, he is told to 
review the previous program. If the computer determines that he does not 
meet the entrance competency at the beginning of program #1, he is given 
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Entry Concept: 



Program #1: 



Program #2 ; 



Program #3; 



Program #4: 



Objects have constant velocity J 
when no net force acts upon them. 




r 



Constant .force causes velocity 
to change at a constant rate. 

Determine acceleration from 
velocity versus time graph. 



Acceleration is directly 
proportional to force. 
A C< F 



Acceleration 


is inversely 


proportional to mass 


A cC 


1/M 



, F = MA 

Nev/ton introduced as force 
unit in the MKS system. 



Figure 1. Sequence of Major Concepts in the 
Instructional Unit 
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assistance by means pf typed messages. If he fails to respond correctly 
in three attempts, he is told to review certain materials before returning 
to the computer terminal. 

After It he student enters a particular program, the computer plays 
the role of the student *s lab partner in a dialog mode. It asks questions 
which allow the student bo specify the independent variables in the inves- 
tigation such as the amount of force to be applied and the mass of the 
cart, and it generates unique data for the dependent variable "very 
similar to that obtained by experimenters using the real apparatus shown 
in the film loop." In data collection, the computer types out statements 
such as: "You make the simulated run with the cart applying a force of 
XXK (sprcified previously by the student), €hen I'll analyze the ticker 
tape, make a data table, and plot a graph of velocity versus time..." 

The computer organizes and plots the data majiy times faster than the 

student can, thus allowing him to focus on the regularities apparent in 

the data instead of the algebraic manipulations necessary to graph the 

data. An even more important aspect of these dialogs are the questions 

the computer asks the student concerning generedizations which should be 

apparent in the data. 'At some points the student is asked to determine 

acceleration from a velocity versus time graph (slope). At another point 

he must note that a curve does not pass through the origin, and he is 

asked to explain why it does not r»o so. 

Typed below is a short extract from program //2 which conveys the 

2 

nature of the interactive dialog concerning graphed data: 



NOTE THAT THE GR7\PH DOES NOT PASS THROUGH THE 
ORIGIN . ■ APPARENTLY THE CART DOES NOT ACCELERATE 
WHEN WE APPLY A SMALL POSITIVE FORCE . WHAT 
COULD CAUSE THIS? 
7FRICTI0N 

THERE' IS FRICTION BETWEEN THE CART AND THE FLOOR 
WHICH OPPOSES THE FORCE WE APPLY. STUDY THE GRAPH 
AND DETEPvMINE FROM IT THE FORCE OF FRICTION (IN LOOPS) . 
?.5. . ,v 

FINE! THE FORCE OF FRICTION IS REPRESENTED BY THE 

INTERCEPT- OF THE GRAPH WITH THE FORCE AXIS. 

HAD WE USED A C7aRT WITH GREATER FRICTION THAN IN 

OUR EXPERIMENT WOULD THIS INTERCEPT BE TO THE 

RIGHT OR LEFT OF ITS PRESENT LOCATION? 

PRIGHT 

CORRECT! NEXT, I'M GOING TO-TAKE THE DATA WE 
COLLECTED AND PLOT THE RESULTANT FORCE ACTING ON 
THE CART, INSTE.AD OF THE FORCE YOU APPLIED -IN EACH 
RUN. (THE RESULTANT OR NET FORCE IS THE FORCE 
YOU APPLIED MINUS THE FORCE OF FRICTION.) 
TYPE IN THE POINT WHERE YOU THINK THE NEW PLOT WILL 
INTERSECT THE FORCE AXIS. . 
?0 

RIGHT! HERE'S THE NEW GRAPH: 



For brevity only correct responses have been shown. Had a response 
been incorrect, a discussion of the particidar item would have appeared, 
followed by further questions on the same point. If the student exceeds 
a certain error rate, he is told to consult with his teacher before -con- 
tinuing the program, a sample error branching sequence is showii diagram- 
raatically in Figure 2. The dashed line in the Figure indicates that after 
providing help the teacher has the option of sending the. student on to 
the next instructional sequence or returning him to the same instructional 
sequence in which he encountered difficulty. This particular program 



2 Question marks at the left edge of a line are followed by the 
student 's response , 
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Simulated Data 
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on Concept n 
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Help #2 
on Concept n 




Brief Instructional 
Sequence for Concept n-fl 



To Teacher 
for help 



V 

fete . 



Figure 2. Sample Branching Sequence 
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segment extracted from program #2 is folloved by the plotting of a new 
graph, a brief discussion of that graph, and a dieiiog which asks the 
student to write an equation to fit the graph. The sample computer 
dialog runs included in this report should be reviewed individueilly for 
a more thorough overview of the interact ive simulations • 

Simulated Data and Problem Sheets . Data and problem sheets providing 
information very similar to that in the computer programs are included in 
the final section of this report. They are designed for use by students 
who do not have access to an appropriate computer facility. Each data 
and probl<i3:^n sheet reviews briefly the objectives of the particular in- 
vestigation and then provides data **the experimenters gathered... from a 
careful analysis of the ticker tape pulled by the cart." Each student 
is asked to graph the data and discuss specific questions relating to the 
graphs on an '^investigation work sheet." ' 

Unit Development 
. The particixlar concepts taught in this instructional unit were 
selected for several reasons. They are fiindamental in mechanics, they 
are readily funenable to graphical display as linear relationships, and 
the author has observed that few physics teachers have students do 
laboratory work in the area. Initial program writing was done in 
English language. During the lesson writing , main programs were com- 
pleted before error loops were written. (Error loops provide help 
following the entry of an incorrect student response) . The completed 
programs were then coded in BASIC. Certain other computer languages 
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would have expedited program coding, "but the BASIC language vas the only 
language available to the author's students at that time, and it did not 
excessively constrain his initial objectives. In order to remain within 
a 3000 vord core , each program in the series references a file in which 
messages are stored that do not contain variable quantities . 

The lessons were altered in minor ways during encoding. Later they 
were revised based upon feedback from a small number of students who 
used the materials prior to widespread use of the programs. 

The simulated data and problem sheets were prepared from the computer 
lessons after the computer lessons had been revised.. Data appearing on 
these sheets were similar to that which is obtained by computer students, 
and the outline of the sheets parallels that of the computer programs. 
Questions and problems included in the computer programs are included on 
the simulated data and problem sheets. Correct euiswers are included for 
some of the problems, but most often the student is not provided with 
correct responses on the sheets. Feedback regarding the accuracy of his 
responses , if he is to get it, will come from other stiidents, his teacher, 
or the graphed data. 

Scripts for the film loops were written and initial filming was con- 
ducted concurrently with the initial program writing. Filming was done 
in Super 8ram on Kodachrome II film. After commercial processing, film 
clips were spliced into final form, and they were then commercially 
reproduced and placed in cartridges. (Titling was accomplished by filming 
through "plates of glass on which block letters had been placed;) 
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ClMsroom Inqplementatlon 
Teachers who use the Force and Motion simiaatlons may bring their 
students through preliminary materials in a variety of conventional wayr 
(See Behavioral Objectives The students then progress individually 

at their own rates through the programs. Students normally schedule 
their programs outside of class time. CoB5>leted programs are to be 
submitted on certain dates which are specified in advance. 
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THE rnM TJiHT paper FtrpLiEri in thi- mih hid rrrnuci-: ft rmsTfiMT 
rn:»:Ei.h.'Hnr.r<. 

HUHJ .YZr TKsf GPr-^FH f iHD riETClVllIMF THE fiCCELFPnT KJM IN CM-' SJTC''<:EC . 

□K. DU'i- CnNJrTRHT FtiPiZf! HF 50 CM CnUEED DVP CflFT TD HRVE fl CDf^fTRNT 
H'l C ELfl- riT I Vti UF 1 3 . i CM- i EC 'SEC . 



fts vnu cfiti TIE imp ^:^rH HLsn iMDiCflTt thfit thf mh?!: df the cfiRT niri 

RFFECT M-L- HCCr-l.i. - iT ItlN. 

TH'J r-ii' f Ht.£,f.|il Tfj 1 G.'-FftTER UP EMfiLLER MHEH T»-IE SMffLLEh' MftTS U\fi<. 

•'GRcflTEP 

CDRPECT* THE SMRLLEP HH? £ UNIiEPMENT fi LFlRCEP RCCFLEFrtTirM . 
FlF»FAFE,ni.Y TH-Ef-E IS :L"j1*E KIND OF iriVEiVf E PELftTir.:; ■ HIP 
E:ETf.:r.EH Tf'E MRSS LU- hH HIMECT PND ITS: rC CELEPriT I?:; I l-HEt^ H 
CDNSTFifiT Fnr?CF IS li! F-i lED. UF l-ULL f air:THr>? invrSTIGi'lTE THI? 

PELftTnr;riiiP' in rt::- THirn E;:.-"Pif^i:"NT ih this sr:--iEs. 

TO SUnr.' vti^r:: t.;:f{ Frr.-I TME G!T-!.PM.S flF QUP MTFi THi-iT 

R rC fSTF'NT Fiy i I- l.'-^S P( lED TD Fl CFiF T WITH Fl FfiPTI- 

CULHI'- r..iss the ri'r::";.r.rr:Tici< ••'"ts coHiTnNT. 

fiOM, LET'S TRY CCF l>iST PPnM EM . 

IF ft**. RlP-'lfil -f'S rii^It!~S pf.':f.;'CE NFT FQPCE MHICH IS CDMSTflNT RH'i 'HICI 

FiCCELEr: :t: r tst? !-tr,: fpcm o tu loo m.-sec in ;ec» hhht will be t": 

PLHi-tE'S VcLnClTV i;i ii'"EC Fit THt- EHfi DF 40 SEC'^' 
■"■£.'00 

P16HT! fl-:^HlN» ft CDHSTrlHT FORCE CAUSES Ft MfiSS TD HftVE fi CDfiSTflMT 
HCCELtiVffltJH. 

BUr ML";:..! I'lULU J}'- r^CCFt tTrtTICf: Hf-tVE IiIFFE;'cD H,"'P me HPP'LIED fl DIFf t-' vMT 

FQc-ci:?— THIS i'u:.:'^Tir;n mhl fg.-;! the 3.r-<sis Fnp the next 
E:=;pEPi.-:.-Hr if< thi: 'epies. 

sifiCE vnu HrtV'T r:rf! sTUPYrjG FnrcE phu r:oiiOM usirie fl siriu- 

LHTED EMP^pii Mfii Y' H.l HFiVt <!iOT Hi lP TO CC E MITH THE MFiNV 

soU'i-CES GF '.L Er :. •■• r -c^c.ir ir^ TiiZ fiCTU-'^L 

FlrTv. MTfi " . IF YDU I ••- . ;i TD TO TK^ rn.-s E.XF T F I ,;'ri T YOU MOULD 

hhve in r;T;i.'ci' st.M'H i- .i.-' irPn.'.F tk-' gfi Ft -.izhtich: i.'F've 

SEEN flVJUt l.e FjI "; ■,;-;<. :-e: • ■■S N'CU WILL IE rtrLE TD PUPSUc 

THE irivr:sTirf,Tf'. •! rv':'r>;:-r- rt k..; • ■ cp ih Yti-j.' Lnr:. 
HFTcP YOU VE SIC r;.:r> cj.-k yhk Ttr.iir; l r.OLL cut -rvuP-riL 
e:::tph ir ii"? df F; r-. c:i TiU" i- 1 , list the sd'.:,^ci-s of 
E:-:PiFPi: rn l i: ■ rr vcu EfiviiU;.-* TP.-ii h<b >thi .: the 
Mruui" CL; ■.SLus !■■■ :: MiU cr:;i' D'"'f f: c;i Tf,- e: i ;:ri), ijt . 
im<:luv: thi:- rr ' • jh ylm:-- -'''^Lirs r,.Ms:' . hi sccr^ as 
Yuu h .VH th£ f- : . n. iiiY vi:- < 7H'; ra:;:T film Lur.p -Far cE t 
HfiTiDfi II' FiHfi T', ri •-.i-n 'FiJ 

TO 'I';.'! ii; F Ti;:- i. iif ,i . fYc: !:•,[ ' tiHii f i C's ihl- fltu: n i ey 
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f-imCLTB 

Mf-:!j:c]MS tH.SHiri rn hup riMMLriinn phv.stc:.: Lnr:. irf this iecohd 
E/;pf:Rir-"-f»T or ri-n! :i:'r-ir.r. i-hli.. ihv.'.- : TiO'tri.- wnM Friprr^i hfffct 

TH!7. ACCELKr^-■|T]Q^^ OF J'lfi DBJ-iCT. iiliVE VnU C CJi'lPLLTEH FORCKFi H. 
i.l^rCHt£:t THE F I LM LOOP - FORCE $ MClTIQn 1]' ? 

?VE:S 

Iti Ql^: LRi:T F.XPEPIMEMT ME DBSERVED THfHT R CDHSTfiHT FHRCE GhVE DUR CRin 

WHr-tr KirMi OF FiCCELERfiTIDNV' 

ICnilSTaMT 

PM-.MII flU'.l in .•TLIDV HO;..l RCCELERFiTinri VRRIES liHEH THE f'sPPLIEU FOPCF I: 

CHiiiii^EM MF-Ll. HQLI' RLL UlMcP VR=^' TRI-,LE:; ..fsuCH RS N'-i:- ?^' CO.NI Ii^MT. 

HGi.l MRifi* SPICKS: SHRLL (..lE r-LRCE OH THE CRRT THRaUGf.'-J'JT THIS EMPtPlf E'; I T 

?4 ■ , * 

Ri VOU QBSERVFIi Itl thf FILM.- '.'.IE CRN VRRY TMF FDRCE ME R'"-T--i.V 
BY ur iHG IiIt=FFREhT NUhrERS OF RUY:i'.EP l OOPS STPETC) !Fli R CUU- 
SThHT length; I SUG'?EST t.O cm fop RLL LCGPS IH THI V E>"PEPlHEr<T 
YOU SPECIFY THE FORCE YDULL RFPLV IH ERCH TPIRL RnV 
HmI-E TiFi SIHULRTEP R'.iH. THEN I LL DETEPK I f-'E RCCELERRTIDfr 
FF'UM THE rir- EP TREE RHj;! PLOT R GPRPH OF RCCELEPRI tnf< V. 
FORCE I.IHEH MK HRVE EHUU1.7H r<R IR . 

HOM MRHY LOOPS RRE YOU RPPLYING IH THIS RUH? 
•?c'.5 

LIE riOil T HRVH RHY PRRTIRL LOOPS IM OUR LRB . TYPE IH R l.'HOLE iil..;MBER . 

THE mC'IFLERhTIDH THIS RUN WRS : 9.6 CM •'"SEC. SEC. 

HD:..) ilR'-V,- LOOPS RPE YOU RPPLYIHG IH THIS RUH? 

?4 • . 

THE RCCELERRTIOfi IN THIS RUN MRS : Ji"? . S CM •••SEC.'- SEC . 

HOM MRHY LOOPS RRE YOU REPLY ING Iti THIS RUH? 
?6 

THE RClELERRTION Ifi THIS RUN MRS: 43 CM iEC-SEC. 

HOM HRNY LDO'-S RPE YOU Rf-PLYING If< THIS RUM? 
?4: 

THE RCCELERRTION IH THi: RUN 1..IRS: CM.-SEC- SEC . 

HOi..' IViilY LOU!'- RRE YOU ftr-PLYING IH THIS RUil? 
••JO , ^ 

THE RCCELEPrn lOiT IH THIS.M.lf^ l.iR?: SC-..^ CM •lECSEC. 

IK YOU D LII r; TO M'-i^ E RMin'H'.-P RUM? I YPE -RUH-: 5 IF YOU ' D LII- E 'IE 
T'."; H VV. !•■. f Y' E l-'Lar'.' 
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HDM MRHT LOOPS hRE YOU ftPPLYING IN THIS RUli? 
71 



THE ftCCcLERATinN iri THIS RUN WRS : 0 CM-SEC -'SEC . 

IF VOL! -D LIKE TD r-MKE BNOTHEf^' PUH j TYPE ' RUN'' ; IF YOU 'D LIKE ME 

TO GRAPH ft VS. F> TYPE 'PL or'. 

?RUII 

HOU MhiNY loops (^jPE YOU mPPLYIHi.- I Tf THIS RUN? 
79 ; 

THE fiCCELERRTION It] THIS RUN WiS i 76. S CM- SEC •SEC. 

IF YIJUEi LIKE TO h'-iKE hNDTHER RUN j TYPE •■RUN'-? IF YOU P LIKE ME 

TO ,-<fH Ft VS. TYPE 'PLOT-. 

TPLOT 
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RVE HHY i j i £2 


IiM THIS 


.y-RRPH? 


?YES 








i.jhmt kind D'= 


RELFlT I ONSH I P EX I STS 


BETWEEN 


FiCCELERfiTIClN H'-ID 



■^DIRECT OP n<VcRSE>? 

TUIRECT • ■ ^ 

RIGHT* IH FRCT- THERE hPPEwPS TO EE R LINERR RELRTIONSHIP 
SETl.'Efr.-^ FO-r-CE R!<D HCCELErYiTIDN IF ME OVERLLIDK THE IRREGULRRITIES 
PROI'hl-LY CRUSED BY EY.PER Ii'^ENTRL ERROR. ■ 

MOTE THRT THE GRRPH DOES HOT PR?S THROUGH THE ORIGIN. 
RP^-'hREHTLY THE CRPT DOES NOT RCCELERi^TE l.ii-'EN O'E R^''='LY R 
SMALL POSITIVE FORCE. WHAT COULD CAUSE THIS? 
•'FRICTIOrJ V 

THERE IS FRICTIOM l.ET'.fcEN THE CRRT ANT> THE FLHOr-- "mHICH CPPO^Ei THE 
FORCE »,IE APP'LY. STUHV THE GP-A--'H rji nETERMIHr- ' THE FORCE OF 

FRiCTi HNc i-fj Lo;;r'.: > . 

?1 
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■FltiEi llHv Fnr.*CE CF Ff?:ICTIOM I S Pt:F1 T •rf.- HTFIi I:Y THF I HT n-t i-PT 
□F THE 'y.R»-iP I..IITH THt' FLIPCC FtXJ.S. 

HRl! ME UI-ED CftRT MITH GR'FftTEP FPirTICH THRU IM aUi? EXPErPIMEHT 
M-JULD THIS IHTEPCFPT BE TO THE RIGHT OP LEFT DF ITS 
PPESEHT LOCRTIUH? <TVPE PISHT' DP -LEFT') 
TPIGHT 

rDRRECT ! f4!r:>:T^ I-'M GDIr^S TG TfiKE THE DHTR I..IE CCLLECTED RiNlr PLOT 
THE PETULTFlNT FDRCE RCTIHj? OH THE CRPTi- INSTr.Rn OF THE 
FORCE VDLI RPPLlEI'i IN ERCH RHii. aHE RESULTfiN.T OR NET FORCE 
IS THE FORCE YOU PPPL I EB MINUS THE PDPCE OF FRICTION.::' ; 

TYPE IN THE POINT I.IHERE YOU THINK THE NEW PLOT WILL INTERSECT THE 
FORCE H"-'1S. 

?0 . ' ' ■ 

RIGHT! HERE' S THE NEW GRPPH : 

100 + >: 

fl so + K 

C + " . 

C "iO + H 

E;::CN-'SEC.-'SEC> + 

L . 4 0+ X 

+ 

+ X 

+ X ' 

+ + -»• + + + + + + + + + + + + + + + + + + I 

0 1 £ 3 4 5 7 S 9 10 

FORCE (LOOPS.) 

fl'?HlN/ME SEE R LINERP RELRTIDNSHIP 1;FTWEEN FORCE RNP hCCELE- 
RRTIDN. MOTE THRT THni.!i.-;H THE INTERCEPT WITH THE FORCE R'US 
HRS FEcN HOVEI'' TI !E SLOPE OF THE GRRF-H HRS NOT CHRNGED . 
FRICTIOHRL ^OPCE POES NOT RPPERR TO RPPECT THE SLOPE OF THE 
RCCEL. VS. FORCE GRRPH. 

WRITE RNEC'UHTIDir TO FIT THIS GRRf^'H . USE -R- TO REPRESENT RCCELERRT I ON 
RND 'F-- TO REPRESEfiT FORCE. USE ''K' ^ TO REPRESENT THE SLOPE aiDN'T 
BOTHER TO CRLCULRTE IT.V. BEbIN THE EQURTICN: R= ... 

;:?H=KF - 

•>I'5HT! — BUT WHRT FRCTDPS '•UlL CRUSE THE SLOPE TO CHRf-'EE? WE'VE 
OBSERVED TMRT FRICTIOM HRS NO EFFECT . WHfiT OTHER VRRI RJ^LE 
MIGHT CRUSE THE SLOPE TO Cf-iRf^GE? ■ 
SMRSS 

RS WE O^SERVEIi IN THE LRST E.'-.'P'EP II'^ENT . NR -' S t IRS RN IHVERSE 
RELRTIOCT.HI'^' TO Mrr pi. E--RT I DM W'-:Er< R r ON STr.'NT FO'^CE IS 
RPRLlEIi. IM THE iK->;T E::^'-ER I i'-EtiT WE - LL CONDUCT H RURf^r 11 RT I VE 
L;rUIiY li- THIS F'rlLMriO;i;.HlP. 
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MPrtTi v ri«L;. f .«Tif". in r'c f.-i t-iv r- min in- mh : F'»--f-<ini 

CDjrVfiJn. l«ir t-.t'.llIM fir T'.- J'FI t'TinUHlP I.: M'»iP. I 

SHDUti" t:': T'. i k • r •; ■ r»<i r rii!-: n. i ir-- «.f tiH TrtMF 

FO^Cf-* ir I. T»i.- • m- nr fiKi vi CEi the 
nij:cT. rcj.i* t».v ihi: fi Q;VHii» 

ft iFftci- v}f* rr iFi r;>,TI^^; IN rpficr r<T icn a i - .'f^c »tir to thc fo'^cp 
Itruur. ; i oyiitirj ' j»-!'-m? i n; rr- .f i Df^ctTTi'i i thf rirrT. uwht 

ifKCELE .HL;:< in It uf l' .:; TH^ .-hip hClil ^: J [PIFfKF^ 

GQcri! »!! • F' : RiO!» : r- rr-Ti:«.':ii « vnn th tpvi 

IN 10 ^ i nr .' -' r h. • ri.M-..i~: fnvi Fe:T to m -^eep tir ::oocm^ :EC 

Wi|rN r<«:7Lf» tr?li< V M h;T Hi . f-'F>. rtf TH- IV THF lt».EC 

iNTErV K I'cti : r!.;t--iHi: »• it; nr-r-ii L it. iiJ'iH. 

MHHf II IHt -pfit y i.f- ilf JeCT itT II;. LlUt O- FIPTT ^0 TEC IN 

CH 

cnrpscT • 



YOU HPvE ISD'J CD: =^LETFn TMir : IMULRTfcl' F^:PESI:i^r^T . PFPHmP? 

vou MiLi r~ *;vi r Tn !!•!• Lit-. rMt imvi: :tii?utuv« j-uj^thep mT 

HOME 0. IK YQiJP IHIi. 

«FTt;j> vmi^ p riGi'ji* off THf? rEFHimi » PotL rwi ^evepai 

IMCHSr r«-| cjrj IT I I. I TM-£ f'l'C:! CF 'i: :r Hi' 1 1 -ja» I 

EPF ':' I'i VUt.l <tn 'i : li> i THiiil : . :T«^n V»''T hH.KK' Cfl U L»J: ir.N*. 

vo'.i •:•^f^ :•: ''I h-'.-n thv t'l^t.;. li .*rjT. incLUiE fin: P8fc9 im 
VOL'"- Pfiv: ici i . i;- . 

r<i ;0L' < '1 VOM U.i CPr^.-.l.uMlTV VIFM THE HEy.J FILlI 

LOO- Pr 'tr MnriL.-l III » THi-H kUN FU:><;»IC' . 

TO riGlf QiM- T»u- Tr-r.1fMfiL TVi^c 'liVE' flNIi PPErr Tf'd PETUPM »(EV 

t»ur<c. 
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RIJH 
FflPCEC 

HELUn RPFlJH. IM THIS T!-|]PIj PRDr-fPftH or- TIIE^ SERIES ME WILL STUliV HCi'.' H 

CLiHSTflra ' FCiRM:,E rr::CEij::r\HTE.s rar-FEREHT mrsses. hrve ydu completed -■fdrc 

RMD THEN VIEWSH FILM LDHP 'FORCE i», MOTION III'? 



l\\ THE FIRST EXPERlMcilT OF THIS SERIES lOE DS'SERVEH THmT CDiS;.TRHT 

For.'CES C'^.-'jsE 111 i^arcv to ij.u)rRGa r consthni rccelerrtiqi-^. im the 

LRST E:--:RE''^'r-l':-.,NT lie HEI..]:i the HR-IS CrirfJ-TRh'T i-;HLi OBSERVEIi MHRT KIHD OF 

REl.RTIDHSHIP BETWEEN liCCELERfiT I OM AND FORCE? 
?LI(!ERR 

•RIGHT. HQIaI to STUIiY MDI..! hCCELERRTIOH VARIES '■'MPH THE nB.JECT''S 
HRSS IS CHRHC^En i.'E'LL TRY TO HG'..]:i RLL DT|!'-:p VRPIRLLES Cnf<- 
STR^iT. ME-LL mPP'LY T'-;E SRhE FORCE TO THE CRPT IN RLL 
KEEPiri'S ONE LD!.']P OF RiJ!::rER STRETCHED R COr^STRNT LENGTH. CUE 

" CRN STRETCH OLIP LOOP BETWEEN 50 RNH 1 OOCM . > 



TYPE BELOW THE RMOUNT 0^ STRETCH IN CM YOU WILL APPLY TURING THE 
RUii'S TH^VOUGHOUT THIS EXPERIMENT. 
• I' ■-' 

WE CRN VARY THE ChRT''S NRSS B"i' USING IUFFEPEilT NI.IHT'EFS OF 
IDENTICAL BRICKS ri.'lR R LORD. THE MR;:S OF THE EN^'TY CRRT 
WE'LL USE HAS BEEN ADJUSTED TO EQUAL THE MASS OF ONE BRICK. 

YDU SPECIFY THE NUMf';EP OF BRICKS YOU-'LL USE FDR A LORD IN 
EACH TRIAL AND NRi-'E THE SI NULATED RUN. THEN T'LL DETEPMIISE 
ACCELERRTICN FROM THE TICKER TR*'"-'E RNP PLOT R GRAPH OF 
ACCELE'"^ATKi!! V. I'ASS. FEMEMBER? THE NRSS YOU-'RE RCCELERATING 
IS ONE ERIC.';: LRi-GER THR'L THE LOAD YOU SPECIFY SINCE THE CART 
HAS A HASS OF j BRICK. 

HOW MANY PRICKS ARE YOU USING FOR A LOAD IN THIS RUN? 

?'-''■■"' 

YOU ■ W I LL F I h D THA T I F YOUR CRRT HAS NO BR I CKS ON I T Art D '.'OU APPLY A 
FORCE OF ?5 CM THE CART WILL TAKE OFF SO FAST YOU WOrCT BE ABLE TO 
APPLY A CONSTANT FORCE. I SUGGEST AT LEAST 1 BRICK FDR A LOAD. 
SO J AGAIN — 

HOW MANY BRICKS ARE YDU USING FDR A LOAD IN THIS RUN •■ 

?] " ■ ■ 

FOR YOUR TOTAL MASS £ BRICKS j THE ACCELERATION 

WAS: 30 CM-'SEC-'SEC . [1-'R= .033 1 

HOW MANY BRICKS ARE YuU USING FOR A LOAD IN THIS RUN" 

FDR YOUR TOTAL MAS? OF 3 BRICKS, THE ACCELERATION 

VIA';: 20 Cii---!iEC/ -EC . E 1 •-A - .05 3 



2h 



HOW MRNY BRICKS RRE YOU USIN6 FDR fl LDRPi IN THIS RU^^? 

?3 

FOR YOUR TOTAL NRSS OF 4 BRICKS* THE RCCELERRTION 

MRS: It) CM. •SEC-SEC . C l.-R= .066 3 

HOW MmHY BRICKS RPE YOU USING FOR R LORD IN THIS RUN? 
?4 

FOR YOUR TOTRL NRSS OF 5 BRICKS? THE RCCELERRTION 

WRS: 1£ CM'- SEC- SEC. Cl.-R= .083 ] 

HOW MRHY BRICKS RRE YOU USING FOR R LORD IN THIS RUN? 

■T'9 

FOR YOUR TOTRL MRSS OF 10 BRICKS? TKE RCCELERRTION 
WRS: 6 CM.- SEC-SEC. C l.'R= .166 3 

IF YOU'D LIKE TO MRKE hNOTHER RUN TYPE 'RUN'; IF YOU'D LIKE ME TO 
GRRPH R Vtr.RSUS M TYPE ' PLOT'" . 



YOU DIDN'T TYPE ''PLOT'" OR '"RUN". RGRINj WHICH SHOULD WE DO? 
•?RUN 

HOW MRNY BRICKS RRE YOU USING FD^- R LORD JN THIS PUN? 

it 

FDR YOUR TOTRL MRSS OF S BRICKS? THE RCCELERRTION 

was: '.7.5 CM 'SEC-SEC . CI.''R= .135 3 

IF YDU'D LIKE TO NRKE RNDTHER RUN TYPE 'RUN'j IF YOU'D LIKE ME TO 

GRRPH H VERSUS M TYPE 'PLOT''. 

?PLDT 



R 


£4 




c 




•f 


c 


SO 


+ 


E 




+ 


L 


16 


+ 


ECCf' 


t'SEC'-SECj 




R 


12 


+ 


fl 




+ 


T 




+ 


I 






0 


4 




N 




+ 



0 + + + + + + + + + + + + + + + + + + + + + + + 

0 1 a 3 4 5 6 7 3 9 10 11 
TOTRL MRSS <BRICKS> 

STUDY THE GRRPH CR-ViEFULLY. CfHi YOU OBSERVE fiflY RE6ULRRITIES? 
?YES ^ 

WHAT KIND OP RELRTIDNSHiP E>ain5.TS BETWEEN RCCELERRTION RND MRSS CDIP'iCT 

OR IfiV£R:E>? 

.?INVER.S£ 

RIGHT! R". T!(F CRPT-S MRrS GETS lRr-:''-r-P Tl 1,7 RCCFI. ERi'lTION GET! 
Q SMRLLFP Ullp'-:P THE IMFLUFHCE OF , R CcnnCiU r '-ni- C E . 

Rir 
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nup r<{TXT Tri.-K I? TH Firiri hn HL.*?Fr::-Hic VKPPE:z:iini for the 
r-tTLfiTii.::N?:.nj'^- BETt'f-rffi riccfLEr-viTinrrHiHii M!"f?s. »h STunv oi- nuR 

•~?:";;-H :;!.lv'\;--?T!;- Trifir it MIGi^r T.;E Fi IST PD'.'E'^' IHVe'^'?f {':E.Lmi ion- 

.liiipj thmI' i: : nccr-i.. . i? riir-'?CTLY Fr'nr(;!'''Ti!.]i-^.'-*L tci i -•I'Ih'.o- > 
HP kmts if- ruf-L'c tly f-n'--'^-GPri'ni-:';i. lu i. ficcn.i.u.'^r-iriiv-i. to ch-ick 
OUT THir: rvEnicTiun i i.tuL f"-i.ar h hem i.-r.-nr-H rjF j.-r vEr-:5.:ijs 

MHi.: For-: F.t"(CH r.F DUPT^inLi U: I.MG THE ITiTR WE COLLECTED. 
HEr'tl- S THE MEM GFRPH: 



1 ■■■■■fi 



£4 


+ 




+ 




+ 




+ 




+ 




+ 




+ 




+ 


03 


+ 






04 


+ 




+ 


0 





+ •+ + ♦- + + + + + + •♦- + + + + + + + + + + 
0 1 c' 3 4 5 6 7 3 9 1 0 11 
TOTAL Mh5S aiRICKS:- 

mm VERY irrrET-EiT I !;•.-, 

THI.". DC'ES f'lai- E THE RELflT IDNSHIP r^'CRE DBVIOU::? . PO YDiJ lEE MHh 

1 MEH'-r-^- 
?YE 3: 

THE Lir<E.'-lJ' GiV-HpH UnUCMTES R HIRECT PELRTIOriSHI P BETWEEN THE TWO 
VRPir-iFLES ME'VE PLOTTED. 

I.IPITE RH FO'MTim 10 FIT THIS GRR-H. D'.l MOT BOTRilR TD CRLCULRTE TH' 
ILLr'-Ev IH- 'I^TlP PEPP-I.S-EHT THE SLOPE WITH THE COMSTRMT -'K'*:. 
BEGIN THE EC'URTIOH: l.-R= ... 
vl ' Fl^' H 

RIGHT! THERE IS' P DIRECT PELRTIOM.-HIP BETWEH X '-fi RMD MRSS ? 
K COULD O'" CnURLE BE REPLRCED BY THE MIJHERICRL VRLUE FOR THE 
SLOPE U'~ Tf«£ LiriE. 

HERE I? R pr-'n:LEri f^OP YGU TO TRY USIMG YOUR L-'^'f;PH RMD THE 
SIi lULRTEI.1 ' iPr-'f-iRf-JTHi : '-i i- GCK C'F UNf:r'rj;.,'i< I'l-tS S: I S PLRCEP DM OLR 

UNLnriii-zTi rriPT. ■■,gu n.-r e h fr-UH mith it rpplyihg the sr:-". fo/CE 

RS YU'.i DID I.M the UTH:-,:-: RUriS . MY RM'^^LYSIS OF THE TRPE HiDI- 
CRTES fin RCCELEFi'Tin-i' OF 15 . OCM- SEC -SEC . WHRT I S THE TOTRL 
mis OF ROCK HMD CRRT (TO THE Mr RRE-ST 1 OTH BRICKV? 

■■?4 

Of/ J THE MfirS OF POr^-- r-fji CRPT IS : 4 BRICKS. 
HHRT IS THE hriiSOr TH'i PUCK hLDMES 



■""f^" THI.: IS n-'-F Mr. IHnii •.'H'CH CRiM BE USED TO BET Erttli^E THE 
ERIC"'-' "^'i-.CT. 



RPf^T nnPY AVAILABLE 
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TO SUfll-l'=tPI?£. ME cm SEE Ff^OM THE GPriPH? GF Qi.'R F-f^TFl THRT 

THE nccELir-r^Ticr^ HP ►!f< OBJECT IS inVcPtuLV ppnr-ir-TiDHriL td 

ITS IhbPTIr.L HFiSS MH-cH H CDff. Tr:iT FD.'-Ci? IS T-IPPLIEItj RHD 
THE E0;-'RTJCJ''< VOU •VKOTE FDP THn PELHTini<"(IIP IS: l.p=kM. 

flDM TPY THIS: PKDIl.EM: 

f\ CliP n f-^^yAi-lh-] • jr c.Tl EPRI ion DF S »1 sec-sec . if the CFiP TOMS 

r^i^□THE^• C'-r-; 0-" I liEf IT I C iil. MhSS FiHD DESI'oH' '..IHRT MILL BE THE I'lftXIMUM 

rccel. in m - SEC'- sec? 

?4 

C-OOri! Nni.l >IL!<E'S RNDTKi-P PFOFLEN: 

MRSS R hCCELEPRTES R1 8(1 FT ' SEC- SEC RHP MRSS F hCCELEPhI ES RT 
£0 FT. SEC SEC WHEN inENTICfiL. FflPCES RPE HPPLIED. 
WHRT IS THF. PRTin: M-'iSS R MRSS B? 
?4.'-l 

HO. THE PPOBLEH RSKS FW^- THE PRTID OF t-tRSS R-MR^S B . THIS IS 
LClUIVRLEHl TO RCCEL . F- RCCEL .R DUE TO THE IHVEPSE PELRT lOriSH IP . 

TRY THE C(UESTIO-< RChIH. 

MHRT IS THE PRTID: MflSS R.'MRSS B? 

?1 • 4 

COPPECT! 



YOU HmVE fJG'.i Cnr-IPLETED THIS Slr^ULRTEF EXPEPIMENT. PEPHRPS 1TIU WILL ..y.E 
RFLE TO PUPSUE THE IHVESTIGRT I OH FUPTr<EP RT HOME UP IN YOUR LRB. 

RPTEP YOU'VE SI'3i-!Eri nFf- THE TEPMIflRL POLL OUT SEVEPRL EXTPR IflCHES 0^^ 
PRPEP. CM IT LI:"T TH^ SGUPCES OF EKPEPIi iFHTRL Ef r -jp RS YOU EtiVISICN 
THEN RMfi STRTE THE T i fJO-* COHCLUS lOilS YLiU ChH DFFM FPDM 1 HE GXPEP IHQ'I f . 
INCLUDE THIS Pfi'-EP IH YOUR PHYSICS MGIEl'JOK. 

RS SOON RS YOU HRVE THE DPPOPTUNITY VIEW THE NEXT FILM LOOP 'FORCE t 
HfJTIGfT IV' RMli PUN - f-0-':CED '' . 

TO SIGH OFF THE TERMIH-'L TYPE 'EYE' flND PRESS THE PETURf< KEY. 
nONE 
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Fni--»:nri 

HI » IN THIS f-JNRI.. PRnGI^Tlil OF TH^ i-I^PIES M ILL D I SCUJ i MH(=iT 
ME-Vfc LEfiPHtli l-^VnUT Fn.'^.'V.^f fifin MnTICM PHli I HTPfJDUf.E Fl :::YSTEti 
□F iJHir"- IN CnMIIDH VtE. HAVE YHU CnHPLETFH -Fn.^lCF:!:'' RNP THFfi 
tJUP 

HEI.-LUUl jEj? 



05-1 •4-74 Oc-r-lu? Pit PDF:! a 17 
STOP 

GET-FGPCEIi 
RUN 

FORCED 

HI! IH THI" Fir';-;l. PPG'"--r r-iii CF TH'! SFPTES l-.'I I^ULL Dl:":CU-:S MH:"-.r 

I...IE-VE LEr!pr^!•]l mi. nuT Fr.i.vcri nun fiUTinfi nnn iriT'-'iinijcE R svsTEii 

OF UHITv iri i:f'.';f:.0,^ U.?l: . H'"iVE 'iTJU CnMPLETFH 'FDPCEC-' FIND THEtl 

VIFi.'iZli FILM LfJCP -T-n-'CE t MOTIOH IV••■7• 
'VES 

in THE FIPfT E:;Pt'Fir!'-:HT MF: GBSE;-VFD TMRT fi CCiHSTfiHT FOPCE 

CFiU"TiS t-'i f;n:'V -|D '.vii •.•••■-■! H cuMi'i; ij fccei F.:-r.T inn . ih the 
£riD E:;PHPirv: rr lie □}.;-::;■ Viin THrir N-::c:fLi;;:ri7 ir.;.N 'ins nii'rr-CTLV 
rpr::'C]-'Ttor.'pi. to THdi nvt fopce. in the :;rji F:>;p.if::i!-.;:"nT i-^e 

DEiFPVEli MHmT kind of PELRTIONiHlP BETLIEEN fiCCELtPl I FION fiND 

Nrt:?;? 

TIHVEFIE 

COP!- EC T J I...IE finV WRITE THIS LFiST STOTF.M&NT HS : 

1> f'! IS DIPFCTLY PPOPr.'-'T K.ll-'-iL 70. l^fi OR 
£> H ir. nif^ECTLY PPOPUPTlEiii^L TO 1 "•M 

FROM THE PE:.I.I!..TS OF EXPFPIM.r-NT £' VE CAN HRITE: 

3> ft IS riiPECTLY ppn;-'npTicri-iL TO f 

.STftTEKENTS r:3> ':::-:.> CHM PE CGrUilHETi nND MP I TTEN H'- : 
ft I S n I RECTI.. Y PRGPiirn iDi inL TO F.' N 

nrr EOuivnLENr STnTEi'-.-i'iT is: 

Mh is in recti. Y P; (.:.••;■ TlOl' .L TO F 
op: F is tUFcCtLY PP'.!: 'J.-:Tir:r<;";L TO m 

III FC'UHTIDN FH.'-M: 

F^i i:m ■ 
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I' VE J'J ST TVF'ED R LUT DF INFCPMRTinN MERE . PCfill IT Ci-iI-CF*llLLY mv TYPE 

■en- I.IHEH vnu i.i:;i-tr n[* td cohtimlie. 

?'3Q 

IN the EOUfiTIOH K IS fl COMSTRNT OP PPDPnPTIOHRLITY fiND ITS 
HUMEPICRL VALUE DEPEhliS UPCri THE UNITS USEH TCI MERSUPE FOPCE » 
MRSSj RHii RCCEL£>-RTItKK IT l-lDULIi HRVE R SPECIFIC VRLUE IF ME 
COHTni'.iEIt TO K£i-:5!JPE FOPCE IN -BRNnS'' RND KR'S IH 'BRiri:S''. 
THE UtaTS l-IE UiED Hr-.r-'PEriEi;i TD FE CCIHVEHIEMT FQR US ? LUf 
THEY RPE HOT IN rrjii^GM USE IH THE MOPLD. THE FOURTIDN, OFTEN 
REFEr-.'".Er.i TD RS MiiUTDrrS c'ND LRl.i!. IS PEPHRPS THE nnST FUMHR- 
MENTRL EmUhTIUN IN CLRSSICRL MFCHRrnCSj RND THE UNIT DP FtlPCE 
CDrirTCriLY USED IS IiEPmED SD THhT K IN THE EuUmTIDN = 3 . 

IH SCIENTIFIC l.inpK R VERY CnMr^nH UNIT OF MRSS IN USE TDHhY 
IS THE KILDCPRH •■ kG:- . THE BRSIC V\ilT DP FORCE MILL CRUSE R 
NRSS OF 1 KILCGKlHi'l TO RCCELERRTE RT IM-'SEC' SI-C . THIS U)MIT OF 
FORCE IS CRLLEll THE MEMTDN <ny . IN OTHER UGPDS R FORCE OF IN 
MILL CfiUSE R MRSS OF 1K6 TO RCCELEihiTE irt-SEC-SEC . USING THESE 
UNITS THE EQURTIGN IS MRITTEN: 

F=MR 

ltl=lKi5 H -SEC- SEC 

TRY THE FOLLD'.UNb PPOT'LEil USING THE MKS aiETER 'K ILDGFRU 

SECDHI.C' SYSTEil OF UNITS. R tOOKG SPRCESHIP IS ^-'OPELLEU BY 

R ROCKET Ef<6 If ^E. ITS RCCELEPffTIDH IS ctJ. - SEC-SEC . 

MHRT IS THE NET FORCE ( IN NEMTONS> RCTIr^G Or< THE SPRCESHIP? 

?1200 

CORRECT! riOM HERE'S H SLIGHT VRRIRTIDr^ OF THE SRME PPnB:I.E}l: 

RN SOKG RSTPr::;;'-^UT IN EQUILILRIUM OUrSIDE HIS SPRCESHIP RECEIVES R 

4011 Fn*--CE FRC.'I R Pi^'OPULSICM JET RTTliCHED T!] m'IM. 

MHRT RCCEL. UN N-SECx-StC) DOES HE EXPERIEIiCE'- 

?.5 

right: it is IMPDRTRNT to point out RS I did IN EXP. c- THRT F 
REPPESEHTS THE VECTOR SUN OF ALL FORCES ACT IfiG ON THE OBJECT. 

TRY THIS PPOILEH RGRIN MH I CH INVOLVES NEGATIVE RCCELErTHTIUri: R £000 

KG CR'=^ IS TrViVL'LLING RT R SPEED OF 3 OM'' SEC m;-|EN THE t'T'^ES 

RPE RrPL lED. THE CRP STOPS IN 15 SEC. IF ME RSSUHE R COH- 

STRf-<T RCCELE.'RTIONi. MHRT MRS THE FORCE <;iN N> RPPLIED BY THE 

BRRI-ES-' 

?4 0 0 0 

GOOD! THE fiEGHTIVE IRRKTNG FORCE PrODUCED R NEGATIVE ACCEL. 
IF THE VECTOP lUM OF THE FORCES OH R OBJECT -■ 0- THEr^ THE 
OBJECT i.^LL UnDErCO 0 RCCELEFRTinH. IN OTir:-' MLIRDS ITS 
VELOCITY MILL NOT CHRHCE. HERE'S R PFO.'L:;'.! LIi( THE SUfrJECT: 
TO PUSH NY STOVE ACROSS MY KITCH.-..M FLUHR Rl A CO,LvTH,rr 
SPEED or- IH.'SEC. I NUSI R-'PLY R Fii;:'CE Oi" (i'..{Mi. 

MHRT IS THE F'T CT lOri iL -C-CE RCTIi;.^ ON Ti-E S TfJVF IN H? 

ERIC 
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:urP* r<n'..i TRY this F-KJrLii'M: n For-TG: Df" i£r< givfs mst r 
iiri* hcctl. of c:m- lEC' :tc nriii iifi^:s i; m hccel. cf -SM- i nC'SFC. 

MHfiT l i THE ftCCr.L? CIM fi- JEC'SCO i.lHcf< THE TWO ftPE FfiSTEiu^n 
TOGSITHr^P FiHD THE ^(itiE FlIRCE IS fiPPLIEB? 
?1 .5 

Gunri! 

THE LfiST FFM OUL-tflDN? DEHL f.lITH THE GPh.'-H PPIhTED lElDM 
I.IHICH ZHDm THE VELOCITY DF Fl 1 OKi? OBJECT fiLGlSL^ STPfilGHT 
PflTH. 

10+ 
+ 

E !5+ X X X 

L + X 

a 6+ X X 

C <M'^SEC> + X ^ 

I 4X - X 

T + X 

Y £+ X 

+ X 
0+ + + + + + + + + + + + + + + + + + X + + 
0 c 4 6 8 10 12 14 16 18 E'O 
TIHE CSEO 

IN TJ-IE fiEXT 3 QUESTIDiMS TYPE IH THE LETTER GF THE BEST 
RESFCHSE : 

1 . THE HET FORCE fiCTIHG DH THE OBJECT WAS 0 AT: 0 SEC? <B> 

4.s:Ec; <c:> losEc; <d> issec; <e> lesEc; <f> hdhe of the Fir.irjvE 



CORRECT ! 



a. THE HET FORCE flCTIhi'5 ON THE OBJECT hifiS GREflTEST ftT? 

<fl> 0 sec; (:e> 4 sec; co 10 sec; ai) 13 sec; <£> 16 sec; 

•:;F> NONE OF THE flEDVE . 
?D 

GOOD! 

3. THE NET FORCE MFiS CDNSTRNT BETMEEH : <;Fi> e--5i.':EC? (B> -^-ISSECi 

<C> £|i'-15SEC; <D> 15-lS'SEC; <E) NONE OF THE ABOVE • 

?B 

INCORRECT . THE FDrvCJI IS CCf^^TRNT MHERE THE RCCEL. IS CGN'^Th-iT . 
REHEMBlvP THHT THH nCCEL. RT PihY POINT IS THE SLHrV. OF THfl V VERSUS T 
Gf-Hi-H^ Finri THE LISTl-D Tlf'.E IflTER.VisL IN t. -HI CH VELOCITY CN.Tif^cS hT h 
CONSTRNT PmTE- RND TYPE IN THE CORRI^CT HNSivER. 
?Ti 



CORRECT • 
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4. MHRT ms THE ACCEL. OF THE OBJECT (IN M^SEC'SEO fiT 6 SEC? 
?.5 

FINE! 

5. DETERMINE THE NET FGRCE <IN N> fiT 6 SEC. (.OBJECT HftS MfiSS OF 10KG> 
?6Ci 

MRDNi?. F=M(^. MULTIPLY THE MflSS<10KG> BY THE flCCEL . CftLCULflTED IN THE 
LfiST PROBLEM. Cfi'ECK YOUR CfiLCULfiTIDNS AND TYPE IN THE CORRECT fiNSWEP. 
?5 

VERY NICE, 



YDU-LL NOTICE ON THE GRftPH THAT THIS CDNSTRNT FORCE OF 5N WftS fiPPLIED 
FROM OS EC THROUGH 8 SEC. NDI..I» THE FINAL PPODLEM: 
6. HETERMINE THE FORCE < IN N> ACTING AT 13 ZEC. 

?20 

OKI IT'S A GOnn IDEA TO MRITE THIS FORCE AS -SON SINCE 
THE FORCE IS OPPOSITE THE niRECTION IN WHICH THE OBJECT IS 
MOVING. 

THE IDEAS ME'VE BEEN DISCUSSING IN THESE FOUR PROGRAMS APE 
FUNDAMENTAL IN CLASSICAL MECHANICS. GUR UNDERSTANDING OF THEM 
HAS BEEN GREATLV ENHANCED BY THE BRILLIANT INSIGHTS PROVIDED 
BY GALILEO? I^EMTDN. AND THEIR SUCCESSORS. THE STORY OF THE MDRK 
OF THESE EARLY SCIENTISTS IS FASCIf^ATING Rr-rADIHG. 
THESE IDEAS f'Pf.iVIDE A STARTING POINT FD? FURTHER STUDY IN 
MECHANICS. VERY SOON < FDR EKAMPLEj YOU UILL STUDY FALLING 
fiODIES. I.IHEN A BODY FALLS THE FORCE CAUSING IT TO ACCELERATE 
IS ITS I.IEIGHT. . . 

IT HAS BEEN VERY NICE l.JCRKING UITH YOU IN THESE PAST FOUR 
LKPER I M7NTS. PERHAPS ME^LL MEET AGAIN IF SOMEOriE MILL WRITE 
MORE PROG-VAMS. . .? 

BEFORE WE PART-. YOU'LL HAVE TO TYPE IN THE EC'UATION REPRE- 
SENTING MEMTOrrs 2ND LAW WHICH WE DEVELOPED IN THIS PROGRAM. 
BEGir< THE E'5UATJDN: F= ... AND DO NOT INCLUDE A MULTIPLICATION SIGN. 
•F=MA 

AUF WIEDERSEHcN 



TO SIGN OFF THE TERMINAL TYPE 'EYE'' AND PRESS THE RETURN KEY. 
DOilE 
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GENERAL OBJECTIVES 

General instructional objectives of the Force and 
Motion unit are: 

A. to provide the student with a detailed under- 
standing of Kev;ton*s Second Lav;; 

B. to help the student develop graphical skills 
and an ability to interpret graphed data; 

C. to help the student develop inquiry skills; 

D. (for Group I students only) to familiarize the 
student v/ith the computer. 

BEHAVIORAL OBJECTIVES 

The instructional objectives may be stated in more 
specific behavioral form. Prior to beginning the Force 
and Motion unit the student should have studied certain 
prerequisite concepts and skills for v;hich the unit does 
provide reinforcement and a limited amount of assistance 
in the event of conceptual difficulty. VJhen the student 
has mastered the entry concepts and skills he will be able 
to: 

1. determine the acceleration of an object given 
data describing its change in velocity; 

2. describe the velocity and acceleration of an object 
when no net force is applied (Mcv;ton*s First Law) ; 
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3. determine the slope and intercept values when 
given a- linear graph? 

4. write an equation to fit the data when given a 
linear graph* 

At the completion of the Force and Motion unit the 
student should have mastered additional concepts and process 
skills such that he should be able to: 

5. determine the acceleration given the force applied 
to an object; 

6. determine the force acting on an object given its 
acceleration (in IJewtons or in arbitrary force units); 

7. determine the mass of an object given the force 
applied and the resulting acceleration; 

8. determine the applied forces given data describing 
the velocity of an object at various times; 

9. describe the effects of forces on an inertial mass; 

10. describe the effects of a constant force on the 
motion of an object; 

11. determine the fractional force from a graph of 
force versus acceleration for an object; 

12. describe the effects of friction on the acceleration 
of an object when a force is applied; 

13. determine where velocity, acceleration, and force 
are maximum, constant, and minimum respectively given a 
velocity versus time graph; 



3k 



14 • fit an equation to a first order inverse re'- 
lationship; 

15 » plot the velocity of an object as a function of 
time given a ticker tape pulled by the object through a 
timer; 

16. describe the effects of experimental error on • 
the variables under investigation. 
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FORCE £ MOTION 
Computer Simulation 
Message Co Students 

Tliesc four computer programs which you are about to use simulate 
experiments in force and motion. They v/ill help you understand soue 
basic ideas in piiysics. If you have never used a computer terminal 
before, don' t panic, for it is much less intelligent than you are. It 
can, fiov/cvcr, do some things faster than you can - as you will see. 
You don't have to know any special computer language to use these 
programs; it v/ill help though, if you knov/ how to use the English 
longuagel I 

Typed below are some special instructions which will enable you to 
use tfic p[)ysics programs which are available in the computer, 

1, Turn on Pov/er (Flower OU) 

2, Dial - and listen for high pitch tone 

3, Place phone in coupler 

'i. At Keyboard type: HtL - , ; then press 

RETUKjr Key. (if all is we 1 1 the computer will . 
ty*pe*r KEADY 

5. Type: GET j^FORCEA, then press R ETURN Key 

6, Type: RUjl 

From here on all other i ns tractions v;i 1 1 be typed out for you by 
the computer. Read the riessagcs carcf u 1 ly * Whenever a question mark 
appears on the left-hand side of tiie paper and the tele typev/r i ter stops 
printing, you must type in a response and then press the KETUR;j key. The 
computer is looking for short responses in ansv/er to its questions like: 
pJ_rN_ECT, or 27, or CQilSTAMT. 

Mere are three notes of procedure: 

K To represent the number one (1) you must use the key labeled 
v/i th the numeral I which is located at tfie left of the top line on tfie 
keyboard . 

2, To represent the quant i ty zero, you must use ttie key labeled 0 
located at the right of numeral 9 on top line of keyboard. 
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3, When making your responses, do not type in any 
extra spaces. (The cor»puter has not been prograiruned to 
recognize them in these simulations • ) 

If you make an error in typing v:hich you wish to 
correct before you press the RETURN key, one method you 
may use to correct your ansv;er is: Hit the ESC (ESCAPE) 
key vhich is- locared in the upper left corner o.f the key 
board and then retype the correct answer. 

To terminate; Type BYE then press RETURN key. 
Then Push Power 0:-? switch and light will go off. 

Make appropriate entry in LUXET LOG (time is 
expressed in minutes on data sheet such as: "006 
minutes of terminal time," 

The four Force and Motion programs are named: 
FORCEA; FORCEB; FORCEC; FORCED. 
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FORCE & MOTION 
Computer Simulations 



To: Physics Teachers 

D 

SUBJECT: Instructions regarding students whose progrnms hove 

been terminated due to poor understanding of a concept, 

A non thrcotctvlag attitude should exist such that students whose 
programs have been terminated due to poor understanding of a concept 
readily conne for consultation with their teachers. After discussing the 
concept thoroughly v;lth the student, the teacher may recommend one 
of the following three options: 

1. The student should rerun the entire program from the 
beginning In order to gain additional experience. 

2. The student should proceed with the next program In the 
series If the teacher feels that the' student understands 

the concept well and would not profit from rerunning the program. 

3» The student should begin again, fn the middle of the program 
which was terminated* and complete the ren^cilnlng part of the 
program. 

The follov/Ing table Indicates line numbers at which students can 
restart Iheir programs. The Instructions to bo typed Into the comi>utcr 
after signing on are, e.g. 



GET- FORCE A 
RUM -910 



Proqram 


Starting Point 




RUN 


FORCE A 


Problem at the end of the program 


910 


FORCE B 


Problems at the end of the 


program 


1260 


FOHCEC 


Problems at ti^xt end of the 


p rog ram 


1270 


FORCED 


80 kg astronaut problem 




A60 




Braking car problem 




580 




Kitchen stove problem 




700 




2 masses fastened togethisr 




800 




Graph problems 
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Evaluation Instruments 
The instruments used in data collection for this unit include a 
criterion-referenced pretest , a criterion-referenced posttest , and a 
student attitude survey. A description of the evaluation instrument 
follows : 

Pretest . This examination is a forty item, multiple choice response, 
criterion^-referenced test which measures cognitive skills. Test items 
were adapted from several sources. The largest number of items were 
adapted from a set of tests developed by Harvard Project Physics.-^ 
Other items were written by the author, and some were constructed from 
problems in the PSSC text.^ In a study conducted by the author, the KR2I 
reliability estimate was .85. The test may be administered to assess the 
entry behaviors of the students participating in the unit. 

Posttest . This final examination is on alternate form of the Pretest. 
Numerical values in the items and the names of objects described in the 
test have been changed from those in the Pretest; also the item sequence 
is changed. Items on the test measure the attainment of the behavioral 
objectives specified in the objectives section of this report. The KRgQ 
reliability estimate is .78. The test measures the student's cognitive 
growth attained through the irnit when his score is contrasted with that 
on the Pretest. 

3 Harvard Project Physics. Tests , Unit ^. New York: Holt, Rinehart, 
and Winston , Inc . , 1968. 

h Physical Science Study Committee, op. cit . , p. 332-33^* 
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student Attitude Survey. This survey was designed to assess the 
student's attitudes toward the method of presentation of the unit. The 
majority of items in the survey were adapted from items on an instrument 
developed to measure student attitudes toward Computer Assisted Instruction 
by Bobby R . Brown . ^ 



5 Bobby R. Brown. '^Student Attitude Toward Computer-Assisted Instruction." 
Computer-Assisted Instruction Center, Florida State University, 
Tallahassee, Florida. 
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FORCE nOTlOW 
TEST 



DIUKCT TONS: Tin's is a 30 minute test. Do not open this test bool:let until 
you arc asked to do so. 

V/hon yuii do vnrite on the answer sheet, be sure to use only an 
ordinary {!2 pencil. No ink or ball point i)ans may > •:i used. 

Turn your answer sheet so that the blue striped area is on your 
right. In the up))or left corner, write in Che narie of the school and your 
instructor on the appropriate lines. On the line labelled CITY v;rite in the 
date. 

Tn the upjjer rij>ht corner you v;ill see a p,roup of colunns labelled 
"Print your name in the boxes provided...**, rjrint your last name, your first 
name, and your middle initial in the boxes provided. If there are extra boxes, 
leave them blank. 

In the lov/er ri}',ht section of the answer sheet, print your GRADE, 
niRTII DAT i:, and SE>: in the columns provided. 

Co down Ihe column under each of the boxes in which you have 
(intcrcd a letter and bJ.acken the space that contains the letter. 

Make sure that all marks on the answer sheet arc blacl; and heavy 
and completely fill the answer spaces. Do not place any marks on the test 
booklet . 

Answer all questions in the test by marking the letter on the 
answer sheet corrcspondinf; to the oiie best answer. 



DO NOT 0PI:N THIS TEXT IJOOKLKT DNTIL YOU AKE ASKKD TO DO SO. 
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1. An experiment yielded the data given in the table and j',raph below. 

(?> 

— I 



t ( sec) 
0 
2 

6 



0 
8 
16 
2A 



01 \ 1 4.-a. 



if these data are expressed as an equation, d=kt, the value of k is 

A. 2 n/scc 

B. 2 sec/m 

C. 4 m/sec 

D. A sec/ra 

E. 0.5 m/sec 

2. Which of the following increases with time if a car moves with uniform 
velocity? 

A. direction 

B. displacepicnt 

C. acceleration 

D. applied force 

E. average velocity 

Questions 3-7 refer to the graph at the rir,ht. 



The speed is greatest at the time 
corresponding to point 

A. a 1). e 

B. c E. k 

C. d 

The magnitude of the acceleration 
is greatest in the time interval 



A. a to c 

B. c to e 

C. e to g 



I). 8 to i 
E. i to k 




5. The applied force was 0 in the time interval 



A. a to c 

B. c to e 

C. e to g 



D. g to i 

E. i to k 



\ 



6. The magnitude of the applied force is great,^st in the time interval 



A. a to c 

B. c to c 

C. e to g 



D. g to i 

E. 1 to k 



?• The applied force reaches its maximum negative value in the time interval 



A. a to c 

B . c to e 

C. e to g 



D. g to i 

E. i to k 



kk 



8* A car li.-us a maxinura acccleratkon of A m/ucc^* If it tows a second car 
having the same mass and design, the maximu acceleration will be 

A. ' 0 ni/sec^ 

B. 2 ra/scc^ 

C. A ni/sec^ 

D. 6 n/sec^ 

E. 8 w/sec^ 



9. A cart, initially at rest, is pulled witli a constant, unbalanced force. 
Wliich {^raph best represents hovf the speed of the cart changes with time? 




11. A man pushes a puck on a frictionless horizontal sujjface with a force of 
20 newtons. The resulting acceleration is 8.0 m/scc*". What is the mass 
of the puck? 



A. 

c. 

D. 
E. 



o.A ke 

2.5 kg 
A.O kg 

10 kg 
AO kg 



1?.. A car is slowed by a braking force that it comes to rest in 20 sec. If 
the car travels at the same speed and the brakinp, force is doubled, 

A. the acceleration will be for times tlie previous value. 

B. the chnnj^c in velocity will be doubled. 

C. the car will come to rest in 10 seconds. 

D. the car will come to rest in AO seconds. 

E. the car will come to rest in half the distance. 

13. To push iny desVi across the floor at a constant sperd of 2ni/scc, I must 

apply a force of 200 newtons. The force of friction acting on the desk is 



A. 0 newtons 
I>. 100 newtons 
C. 200 newtons 



D. AOO ncwtonfi 

E. Impossible to determine from the information g 



lA. Wlilch of the followinj^ graphs shows the effects of a constant force? 
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A 
c 
c 
c 

1. 



Tir^e 



A 
c 
c 

o 

1. 



A 
c 
c 
e 
1. 



T i nie 



A 
c 
c 
e 
1. 



A 
c 
c 
e 
L 



C 



Time 
D 



Time 



h5 



15. Ai\ astronaut in space gives a r.uddon \nirAi to a box that sends it away from 
him. Consider the following, statements (assume Irietion is nef»l ir.iblc) • 

1, The force exerted on the box by the astronaut is equal in ma^'nitude 
to the. force oxtertctl on the astronaut by the box- 

2, Durinp, the push the acceleration of the astronaut is equal in 
naKuitude to the acceleration of the box. 

3, Tlie astronaut will accelerate for the same length of tinie as the box. 

Which of 'the statements is true if the astronaut and th<! box have the same 



A. 1 only 

B. 2 only 

C. 3 only 



D, 2 and 3 only 
K. 1, 2, and 3 



16. For the [^raph shoi^n on the rinht, indicate the action 
- you would take in order to work toward finding tiie 

relationsliip? Q 

A. Square the P variable and graph Q vs , p2 

IJ, Take square root of P variable and graph Q vs, VH^ 

C, No additonnal graph is needed, 

D, Take inverse of ? variable and graph Q vs, 1/P 

E, Take square root of Q variable and graph VQ 

17, Measurements made on «i bflll rolling down a hill of unknown sliapu provided 
the followinc data: 



0 sec 
1 
2 
3 

5 
6 



Instantancoufi 
Speed _ 

0 m/scc 

6 
12 
18 
20 
22 
24 



Which of" the followinR diacrnm.'i represents the shape of the hill? 






18. 



"XI 



-cr- 



The grnpli most nearly describing the motion on the ticker tape above 
from the bcRinninf, of interval 2 is: 
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Timn 
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19. The acceleration of an object may be doubled by 

A. doubling its mans 

B. doiibliny; its velocity 

C. doublinp, its veicht 

!)• doubling the net force acting upon It 

f*. none of tlie above 

20. A railroad passonr.or car is at rest in a railway station. A boy sitting in 
the car flips a di:ne into the air; the dine hits the floor. Later, when the 
car is moving at a high constant speed, he Clips the dime again in exactly 
the same way. VJhcrc docs the dime hit the floor? 

A. At the same spot on the floor as before 

B* Ahead of where it hit before 

C. Behind where it hit before 

D. Impossible to determine from the information given 

Questions 21 - 24 refer to the graph at the right. ^ 
In each of scv(»ral trials, a cart was pulled with 
a different number of ci|ually-strctched, identical 4 
rubber bamis. A constant acceleration was - .A 
observed in each trial. , r ^^Tl 2 — 

21. From the graph and your knowledge of the ^ 
system, determine the number of bands of 



frictloual force in the system. • 1 



A. 0 

H. 1 

C. 2 

D. 3 




Impossible to determine from the information given. 



22. From your knowledge of the system and from the graph, predict the acceleration 
of the Ci^rt when a force of two bands is applied. 

A. 2 m/r>ec/sec 
n. -2 m/5;ec/sec 

C. 1 m/scc/sec 

D. — 1 m/sec/sec 

E. 0 m/sec/sec 

23. If we cliange the surface on which the cart is pulled which of the 
followinj', characteristics of the graph will probably change? 

A. Slope and F-interccjJt 

Pi. F--in tercel* L only ' 

C. Slope only 

D. Neither tiie slo]>c nor the F-intercept v;ill chage 

E. None of the above 

24. An extrapolation of the graph produces an intercept on the force axis which 
is not 0. V/hat does this indicate? 

A. The mass of the cart was neglected 

li. Tliere was a deviation from Newton's Laws 

C. There v.Ms another force acting in the direction of motion 

Q IJ. There v/as another force acting opposite tlie direction of motion 

EHJjC None of the above 
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25. A 1000 kg car is travelling at 40 m/sec vhon the brakes are applied, 
the car stops in 10 sec, the average force applied to stop the car is 



If 



26. 



27. 



28, 



29, 



30, 



A. 1000 newtons 

B. 25 newtons 

C. 250 newtons 



D. 400,000 newtons 

E. none of the above 



All cjccept one of the following require the application of a net force. 
Which one is the exception? 



A. 
B. 
C. 
D. 
E. 



to maintain an object in uniform circular motion. 

to change an ohjccC from a state of rest to a state of notion 

to change an object's speed vjithout changing itt; direction of notion 

to change an object's direction of motion without chanj;ing its speed 

to maintain an object in motion at a constant velocity 



A book is sitting; at rest on a table. Which of the following 
statements best describes this situation? 

A. There are no forces cictin^ on the book. 

B. > The book is nt rest in any coordinate system. 

C. The book excerts no force on the table. 

D. There are many forces acting on the book, but they balance each other. 

E. None of the above. 

V/hen the force applied to an object is constant the object's acceleration 
and mass are 

A. directly proportional 

B, equal 

G. unrelated 

D. 0 

E. inversely proportional 

When the net force acting on a cart equals 0, the cart 

A. mti^ifv^i be at rest 

B. may bo in motion 

C. taay be speeding up 

D. may be slowing down 

E. none of the above 

A plane having a mass of 10,000 kg. is launched from a catapult in 2.0 sec 
by a jforcc of 400,000 newtons. Its average acceleration during launch was 

A. 40 cm/sec2 

B. 1/40 m/sec2 

C. 400 m/sec^ 

D. 1/400 m/sec^ , 

E. 40 m/sec^ 



31. Given the velocity vs. time data at the right, select the force 
vs. time graph below that best illustrates that motion. 




B 



if ^ 




V 


t 


4 


I 


8 


2 


12 


3 


16 


i, 


18 


5 


20 


6 


20 


7 



32. 



The diaj;rani at the ri^Jit showi; a cable car supported by an overhead c 
and pulled uphill by a second cable. Which of the following forces 1 
when the cable car moves with constant velocity? 

force of r,ravity on the car and carriap.o cfM^ 
force exerted by supportinj^ cables 
net unbalanced force on the car and carriage 
frictional force on the wheels of the carriage 
force exerted by the cable that pulls the car upv/ard 



able 
s 0 



A. 
B. 
C. 
D. 




Givcin Lhu p.raph at the left in each of tlie next three questions, pick the 
one at the. rif.ht vhich most nearly describes the same phenonena . Examine 
the variables on the graphs carefully. 




F 



A 



/ 



B 





34. ir 



\ A 



\ 



+■ 

(.1 



a 



\7 



f 



t- 



35. y 







A 


n 







n 
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The graph at the ri[»ht sliows the relationship between 
the time and the total distance traversed by a f^lldcr — 
inovin<; on a nearly f rictioule.ss air track. Points 1*2 
P^, and represent the expori.iucutal measuroments. 

Th.e dotted curve is a smooth curve drav;n throuj'ji these vj*^^ 
points. Questions 36 and 37 refer to tliis uraplu 



The slope of the curve at t^^ represents the 

36, A, to Lai distance traversed 

B. rate of chan^,e of speed 

C. instantaneous speed 

D. acceleration 

E. average speed 



.0^ 



.0- 



■c- 



37. If the values of the total distance traversed at times t. 



and tg arc 



arranged in order of uncertainty with the most uncertain value of distance 
first, the order is: 



A. 




^6 


^8 


B. 


'8 






C. 


S 






D. 


t 

6 


t 

5 


t 

8 


E. 




•^8 


t 

5 



38. A player kicks a .5 kg ball so that it acquires a speed of 20 m/sec in 

.A sec. What was tlio average force applied to the ball durinp, the kick? 



A. A new tons 

B. 2.5 ncwtons 

C. 25 newtons 

D. 100 newtons 

E. 10 newtons 

39. A low--f riction cart is filled with sand and a constant force is applied. 
As the cart moves, the sand falls out through a hole in thci bottom of the 
cart. Uhich graph most nearly describes the motion of the cart? 




AO. Car A has a mass of AOO kg; car B has a mass of 1200 kp,. If both cars are 

given the same acceleration, ivhat is the ratio of tlie force applied to car A 
over the force applied to car 8? 

■ - A.' 3 

B. 1 

C. .33 

D. .67 
O E. 0 
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FORCE & MOTION 
TEST 



?IL^]^^XL9ii^ • "^^^^-s ^2 ^ 30 minute test. Please do not open the test booklet 
until you arc asked to do so. 

J 

When you do \>rrite on the answer sheet, be sure to use only an 
ordinary //2 pencil. No ink or ball point pens may be used. 

Turn your answer sheet so that tlie blue striped area is on your 
right. In the upper ri^^iit corner you v;ill see a ftvoup oC columns labelled ''Vrint 
your nnmc in tbe boxes provided Print your last name, your first name, 

and your middle initial in the boxes provided. If there are extra boxes, leave 
them blank. 

Go dovm the column under each of the boxes in v/hich you have 
entered a letter and blacken the space that contains the letter. Do this 
for your last name, your first name, and your middle initial. 

Make sure that all marks on the ansv/er slieet are black and heavy 
and completely fill the answer spaces. Do not place any marks on the test 
booklet. 

Answer all questions in the test by marking the letter on the 
answer sheet corrcsi)ondinp, to the one best answer. 



PLEASl' DO NOT OPHN THIS TEST BOOKLET UNTIL YOU ARE ASKED TO DO SO. 



ERIC 



51 



5. 



V/hen the net force acting on a car equals 0, the car 
A» must be at rest . 

B. TOay be in luotion 

C. may be speeding up 

D. may be slowing down 

E. none of the above 

This test paper is sitting at rest on your desk, V/hich of the following 
statements best describes this situation? 

A. -- There are no forces acting on your paper. 

B. Your paper is at rest in any coordinate system, 

C. Your paper exerts no force on the desk. 

D. There are many forces acting on your paper, but they balance each other. 

E. None of the above. 

All e^ce])t one of the following require the application of a net force. V/hich 
one is the exception? . ^ 

A. to change an object from a state of rest to a state of motion 

B. to maintain an object in motion at a constant, velocity 

C. to change an object's speed without changing its direction ofi, motion 

D. to maintain an object in uniform circular motion. 

E. to change an object's direction of motion without changing its speed 

The diagram at the right shows a cable car supported by an overhead cable and 
pulled uphill by a second cable. V/hicIi of the foJ.lowinj; forces is 0 wh(!n the? 
cable car moves with constant velocity? p //.^^ --^ ^ ^ 

At net unbalanced force on the car and carriage ^£.V/ 
frictioMal force on the wheels of the carriag,e 
force of gravity on the car and carriage 
force exerted by supporting cables 

force exerted by the cable that pulls the car upward 



B. 
C. 
D. 
E. 




A subway car is at rest in a subv;ay station. A boy sitting in the car flips 
a dime into the air; the dime hits the floor. Later, when the car is moving 
over a straight, level section of track at a high constant speed, he flip's 
the dime again in exactly the same way. Where does the dime hit the floor? 

A. at the same spot on the floor as before 

B. ahead of where it hit before 

C. behind where it hit before 

D. impossible to determine from the information given 

E. none of the above 



6, 
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The Rraph'most nearly describing; the inotio'u shown on the ticker tape above 
from the beginning of interval 2 is: 



-I 






v/ 



D 
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7. When the force applied to an object is constant, the object's acceleration 
and mass are 

A. directly proportional ' 

B. equal 

C. inversely proportional 

D. unrelated 

E. 0 

8. The acceleration of an object may be tripled by 

A. tripling, its mass 

B. triplinr, its velocity 

C. tripling its waijr.ht 

tripling the net force acting upon it 
E. none of the above 

9. Which of the following increases with time if an object moves v:ith uniform 
velocity? 

A. applied force 

B. average velocity 

C. acceleration 
I), direction 

displacement 



10, 



Measurements mrjdc on a ball rolling do\7n a hill of unknown shape provided 
the following data: 

Instantaneous 
Xiii^c Speed 

0 sec 0 m/scc 

1 6 

2 12 

3 18 
20 

5 22 

6 24 

IHiich of the following diagrams represents the shape of the hill? 





11. \/hich of the follov/Ing graphs shows the effects of a constant force? 



A 
c 

L. 



A 



7 » '^v^' 



1 *f u: 



1 i f \f: 
D 
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12. A car initially at rest, is pulicti v.vith a conntant, unbalanced force. 

Which craph host represents how the ispeed ot the cart chnni;o5: with tir.io? 



14. 



15. 



erJc 



3^ 



ir 



A 



B 



C 




0^ 



E 



13. Given the velocity vs. time data at the right, select the force 
vs. time graph below that best illustrates that motion. 




An experiment yielded tlie data given in the tnhle and r,raph below. 



t_(_sec) 
0 
2 
4 
6 



0 
A 

8 
12 



[til) u 



6> 



If these data arc expressed as an equation, d~]:t, the value of k i; 
A. 1 ra/ sec 

1 sc*c/in ^ 

2 m/sec ^ 
2 sec/m 
0.5 m/sec 

The graph at the right shows the relationship heLv;eon 
tlie time and the total distance traversed by a nliflcr 
moving on a nearly frictionless air track. Points 



B. 
C. 
D, 
E. 



--J j\ ,01' 



^, and Pg represent the experimental nieasurei,ient.s . .OJ- 

The dotted curve is a smootli curve draiJn throu;;h tliese 
points. Questions 15 and 16 refer to tliis grapii. f 



A 
8 
12 
16 
18 
20 
20 
20 



1 

2 
3 

5 
6 
7 
8 



Pa . 



-i- 



-4- 



-4- 



If the values of the total distance traversed af. times t , t , and t are 

5 f) 8 



aDranr.ed in 


order of 


first. 


the 


order is 


A. t^ 


t 

6 


t 

8 


^6 


^^8 




C. t3 


^8 




D. t6 


t5 


t8 


F ■ - 
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16. The slope of the curve at represents the 

A. total distance traversed 

B. instantaneous speed 

C. acceleration 

D. rate of cbanr,e of speed 

E. averar,e speed 

Given the ,r.-.pl. at the left in each oC the next '^'•'^f^ 

at the ririit which most nearly descirhes the name phenomena. Kxamine the 
variables on the Brnphf? carefully. 



17. 



r 




(L 



:0 ,CL 



t 




L 



V 
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Questions 20 - 24, refer to the graph at the rli^.ht. 

20. The magnitude of the acceleration 
is greatest in the tine interval 

A. a to c D. c to i 

B. c to e E. i to k 

C. e to g 



21. The speed is greatest at the tine correspondiinf* to point 

A. c D. i 

B. j> E. k 

C. h 




22. The magnitude of the supplied force is greatest in the time interval 

A. a to c D. g to i 

B. c to e E. i to k 

C. e to g 

23. The applied force was 0 in the time interval 

A. a to c D. g to i 

B. c to e E. i to k 

C. e to g 

2A. The applied force reached its maximum negative value in the time interval 

A. a to c D. " g to i 

B. c to e E. i to k 

C. c to g 

25. To push ciy desk across the floor at a constant wpced of 2 in/see; I must 
apply a force of 150 newtons. The force of friction acting on the desk 
is 

• A. 0 newtons D. 300 newtons 

B. 75 nevtons D. Impossible to determine from the information given 

C. 150 newtons 

26. An ice skater gives a sudden push to a sled that sends it sliding away from 
him. Consider the following statcmepts (assume friction is negligible). 

1. The force exerted on the sled by the skater is equal in magnitude to 
the force exerted on the skater by the sled. 

2. During the push the acceleration of the skater is equal in magnitude 
to the acceleration of the sled. 

3. The skater will accelerate for the same length of time as the sled. 

Which of the statements is true if the skater and the sled have the same 
mass? 

A. 1 only 

B. 2 only 

C. 3 only 

1). 2 and 3 only 
E. 1, 2, and 3 
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27. A car is slowed by a braking; force no that it comos to rest in 10 sec. If 

the car travels at the same speed and the braking force is doubled, 

A. The acceleration will he four times the previous value. 

B. The change in velocity will be doubled. 

C. The car will come to rest in 5 seconds. 

D. The car will come to rest in 20 seconds. 

E. The car will come to rest in half the distance. 



28. A low-friction cart Is filled v;ith sand and a constant force is applied. 
As the cart moves, the sand falls out throuj»h a hole in the bottom of the 
cart. Which graph most nearly describes tlic motion of the cart? 



Ci 



t 





A 



B 



Questions 29 - 32 refer to the j;,raph at the right. 
In each of several trials, a cart was pulled v/ith 
a different number of equally-stretched, identical 
rtibber bands. A constant acceleration was observed 
in each trial. 



29. An extrai)olatiun of the graph produces an 

interropt on tlie force axis which was not 0. 
V/liat docs this indicate? 

A. The mass of the cart was ne;Uected. 

B. There was a diiviation from Newton's lavjs. 

C. There i;as another force acting in the direction of motion. 

D. There v;as another force acting opposite the direction of motion 
H. None of the above. 



D 




30. From the and your knowledge of tlio system, predict the acceleration 
of the cart wlien a force of one band is applied. 

A. 2 m/sec/ sec 

B. --2 n/scc/scc 

C. - 1 m/sec/sec 

D. -1 m/ sec/sec 

E. 0 m/sec/r;ec 

31. If we change the surface on \7hich the cart is pulled which of the 
follo\;in;' cliarnctoristics of tlie graph will probably change? 

A. slope and F-intercept 

B. F-intercept only 

C. slope 

D. Neither tlic slope nor the F-intercept will change 
K. none of the above 

32. From the graph and your knov7ledge of the system^ determine the number 
of bands of frictional force in the system. 

A. 0 

B. 1 

C. 2 
!). 3 

K. impossible to determine from the information given 
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33 • Tlie equation of the line for the Rraph at the right ifs 



A. Q 



K 
P 



B. Q « ICP 
.C. Q « 



D. Q = kVT» 

E. Q =» 




34. For the R^^ip^^ shox^ on the right, Indicate the action 
you would take in order to work toward finding the 
relationship. 

A. take inverse of x variable and graph Y vs. l/X 

B. take square root of x variable and graph Y vs. '/x 

C. no additional graph needed 

D. square the x variable and graph Y vs. 

E. take square root of y variable and graph Vy vk, X 



r 



35. A 2000 kg car is traveling at 50 m/sec v;hen the brakes arc appl 
the car stops in 10 sec. the average force applied to stop the 

A. 8000 newtons D. 800,000 newtons 

B. 300 nex7tons E. none of tlic above 

C. 5 newtons 



led. If 
car is 



36. A man pushes a puck on a frictionless horizontal surface with a force of 
10 newtons. The resulting acceleration is A.O lu/sec^. What is the mass 
of the puck? 

A. O.A kg 

B. 2.5 kg 

C. A.O kg 

D. 10kg 

E. 40 kg 

37. Car A lias a mass pf 500 kg; car B has a mass of 1500 kg. If both cars are 
given the same acceleration what is the ratio of the force applied to car A 
over the force applied to car R? 

A. 3 D. .67 

B. 1 E. 0 

C. .33 

38. A plane having a mass of 10,000 kg is launched from a catapult in 2.0 sec 
by a force of 300,000 newtons. Its average acceleratjon during launch was 

/ 2 
30 cm/ sec 

1/30 m/sec^ . 



A. 
B. 
C. 
D. 
E. 



300 m/sec2 
1/300 m/sec2 
30 m/sec^ 
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39. A car has a maximmn acceleration of 5 m/sec . If it tows a second car 
having the same mass and design, the maximum acceleration will be 

A. 0 m/scc^ 
IX. 2.5 m/sec^ 

C. 5 m/scc^ 

D. 7.5 m/sec^ 

E. 10 m/sec^ 

40. A player kicks a .5 kp, ball go that it acquires a speed of 10 m/sec in 
.2 sec. V/hat was the averaf>e force applied to the ball durin[; the kick? 

A. A new tons 

B. 2.5 newtons 

C. 25 ncv7tons 
I). 100 ncv;tons 
E. 10 newtons 
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FORCE & MOTION 



Attitude Survey 



DIRECTIONS: This is not a test of information; therefore, there is no 
one "ripJitV answer to a question. I7e are inti^rested in your opinion on 
each of the questions in this survey. Your opinions will be held strictly 
confidential. Do not hesitate to state exactly liow you feel about each 
iteni. V/c arc seekinj^ information for an evaluation of tlie F<jrce and Motion 
unit; please be "frank", and thank you for your help. 



Please respond to each statement in the survey by marking your ansv;er 
sheet according to the following code: 

1. Strongly disagree 

2. Disagree 

3. Uncertain 

4 . Agree 

5. Strongly agree 

When you v;rite on the. answer sheets be sure to use only an ordinary //2 
pencil. No ink or ball point pens may be used. 

Turn the ansv;er sheet so that the blue striped area is on your right. 
In the upper left corner, vnrite in the name of the school. On the line 
labelled C^ITY write in the date. 

In the upper right corner you will see a group of columns labelled "Print 
your name in the boxes provided...". Print your last name, your first 
name, and your middle initial in the boxes provided. If there arc extra 
boxes leave them blank. Go down the columns under cac\\ of the boxes in 
wliich you have entered a letter and blacken the space that contains the 
letter. 
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RESPOllSKS: 1. 



STROWr.LY DISAGIUX 
DISAGRF.K 
UI^CKRTAIN 
AGREE 

STRONGLY AGREE 



2. 
3. 
A. 
5. 



1. 1 felt I could work at my own pace in the Force & Motion unit. 

2. The unit made learning too mechanical. 

3. I found it difficult to concentrate on the unit because of the method of 
presentation. 

4. The method of presentation of the unit made me feel tense. 

5. While workin[', in the unit, I felt isolated. 

6. Responses to my answers were helpful and appropriate. 

7/ The Force & Motion unit was an efficient use of a student's time. 

8. 1 could have learned more if I hadn't felt pushed. 

9. Even intercntinj3 material will be borinp,* if it is presented as the Force & 
Motion unit was. 

10. I am not in favor of this kind of instruction because it depersonalizes 
education. 

11. After studying the Force & Motion unit, 1 was interested in finding out more 
about the sub jcct matter. 

12. The method of instruction was too inflexible. 

13. V'hile working; in the unit I felt as i£ someone were engaged in conversation 
with me. 

14. The Force [t Motion unit made it possible for me to learn quickly. 

15. I was not concerned when I missed a question because no one was watching, me. 

16. While workinr. in the unit 1 felt as i£ 1 had a private tutor. 

17. The Force L Motion unit made allowances for students with different levels of 
understanding,. 

18. I enjoyed the metliod of instruction used in the unit. 

19. The Force L Motion method of instruction denied me the opportunity for self 
expression. 

20. I prefer lectures and demonstrations to the method of instruction used in the 
unit. 
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21. The Force & Motion. unit helped me in understanding the role of computers. 

22, The flexibility of scheduling, the unit caused me to be too casual about n^ttinr. 
on the computer system, and 1 let things go for too long before 1 tried to run 
the profirnms. 

23. During the unit 1 was more involved in running the computer than In understand ii 
the material. 

24, While using the Force & Motion unit, I encountered serious mechanical mal- 
functions in the computer system. 



RESPONSES: 1. 



STRONGLY DISAGREE 
DISAGREE 
UNCERTAIN 
AGREE 

STRONGLY AGREE 



2. 
3. 
4, 
5. 
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FORCK & MOTION 



THACIII'R RI'l'ORT 



Name : 



School: 



Group: 



ReRlnni.nj; dntc of unit (Pretest): 



Ending date of unit (1st Posttcst) : 



// of class periods in unit: 



l.onr.th of class period: 



Approximate homework time per class period/student: 
Date of 2nd Posttcst: 

Texts used by physics classes in the study: 

VJliat portion of a typical week would you normally devote to student experimentation 

(Cx. AO min/week) 

To what extent did the experimental unit take tlie place of yo'vr usual coverap,e of 
the material? 



Ilnw would you rate your teacinn;; facility (cquii^nicnt , supplies, room size)? 

^'^^v ^ l^air Poor 

3kjw many years have you tau};ht physics? 

How many semester hours of course work have you had in the Physical Sciences? 
0-10 _ _ 10-20 20-30 30 or niore_ 

Did the v;ork with the experinental unit make excessive demancLs upon your tine? 
Yes _^k^ , Comnents: 

V/hat other area of science teachinr, do you ihink v/ouJJ benefit most from the 
develoiMnent of a computer suppUincnted unit similar to Force & Motion? 



ERJCrtso use the reve)\';e si<U» to state otiier observations and evaluative comments. 



A COMPUTER-BASED SIMULATION FOR INTRODUCTORY PHVS I CS 



EVALUATION OF CLASSROOM USE 



technical report 1 
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Students learned the concepts using the two simulation modes described 
in this Report, and they participated intone of the following three in- ' 
structional groups: 

Group I (Experimental). These students interacted only with the film 
loops developed in the study and with computer interactive dialogs in 
which the computer played the role of the student's lab partner. The dia- 
logs simulated physical experiments in force and motion, graphed the 
unique data collected by individual students, and provided feedback to 
each student relative to his generalizations. 

Group II (Experimental). These students did not have access to 
computer terminals and interacted with the film loops and with simulated 
data and problem sheets and their teachers. The simulated data euid 
problem sheets were prepared from the computer lessons after the computer 
lessons had undergone initial revision , 

Group III (Control), These students studied the scune concepts as 
did students in the experimental groups interacting with their teachers 
and with real laboratory materials as a normal part of their physics 
course. (The particular units were built largely around laboratory 
exercises III-l and III-2 and supporting text materials of the Physical 
ocience Study Commibtee.) 

METHOD 
Subjects 

Subjects in the study were physics students in five public high 
schools in Massachusetts and Connecticut. These students were in 
classes which met the following criteria: 
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1. The Physics teacher was regarded as hi^5hly competent by 
colleagues in science education; 

2. The teacher was interested in having his classes participate 

in the study and was able to coordinate necessary arrangements; 

3. Group I classes were in schools having access to the computer 
system which was to be used in the study; 

U. Group III classes used PSSC laboratory materials vith teachers 
who had used the particular materials in previous years and 
who regarded the particular PSSC laboratory exercises as very 
important and effective learning modules; 

5. The student groups had similar academic and socio-economic 
environments. 

P rocedure 

Students participating in the study were selected from physics 
classes which were as similar as possible. All students within a particular 
class were members of the same group and were not aware of the activities 
of any of the other experimental or control groups* 

Teachers in all groups brought their students through specified 
preliminary activities and then administered Pretests Just prior to 
having their students begin the experimental uiiit. Immediately upon , 
concluding unit activities, Posttests were administered to all students. 
The experimental \mit was conducted in all classes witViin the first 
three months of the school year (September - December 1970), and 
activities during this period were carefully controlled and recorded. 
Following the first Posttest (Posttest /^l) the classes participating 
in the study proceeded independently through various materials which 
were not experimentally controlled or recorded by the researcher. 
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In June of 1971 » a second Posttest (Posttest #2) was administered 
to all students .participating in the study. This second Posttest wais 
identical to the one which had been taken by the students at the con- 
clusion of the experimental unit. It was used to assess retention in 
the various experimental and control groups when scores were contrasted 
with those on the first Posttest. The Student Attitude Survey was 
also administered at this time to students in Groups I and II to 
assess their attitudes toward the experimental unit in the context of 
the entire physics course. 

RESULTS • 

1. Which of the three instructional treatments produced best 
student performance? 

Before the instructional groups were compared with each 
other, a t^ test was used to study the change in conceptual 
understanding from Pretest to Posttest #1 for each instruc- 
tional group. Test data for each of the three instructional 
groups displayed in Table I indicated that student knowledge 
of physical concepts as measured by the tests was signifi- 
cantly higher at the conclusion of the unit than it was at 
the beginning. 

To obtain a gross comparison of the effects of the instruc- 
tional treatments , an analysis of variance (ANOVA) was conducted 
on the Pretest-Fosttest t^l difference scores for the three groups. 
The analysis showed (Table II-A) that there were significant dif- 
ferences between the instructional groups ; students in Group 1 had 
made the greatest gains followed by students in Groups II and III 
in that order . 
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TABLE I , 

PRETEST - POSTTEST ffl COMPARISON 
WITHIN PJACIl INSTRUCTIONAL GROUP 





Group I 
Pre Post #1 


Group 11 
Pre Post /fl 




Group 111 
Pre Post n 


H 


30 


39 


23 


31* 




36 


37 




19 


28 


17.5 


26 




22 . 5 


26 


Md 


17 


25 


15 


22 




18 


23 


1 


13.5 


22 


13 


18 




15.5 


20 


L 


9 


12 


5 


10 




10 


^k 


X 


17.21 


25.21 


15.72 


21.68 




19.21 


23.75 


SD 




5.37 


3.85 


5.01 




5.27 


5.05 


N 




57 


57 


57 






'37 


t 


13.27 




11.95 






9.'t5 






01 (56cif) = 


2.67 


\001 ^56cif) 


= 3 


.14 8 










TABLE II- 


-A 










ANOVA OF 
BY 


PRETEST - POSTTEST #1 DIFFERENCE 

THE threp: instructional groups 


SCORES 




Source of 
Variation 


df 


Sum of 
Squares 


Mean 
fjquare 


F 


Between /groups 
Within groups 
Total 


2 

168 
170 


3U1» 
2677 
3022 


.88 
.86 
.Ik 


I72.1»)t 
15.9it 


10.82 



F (2df ,l68df ) = U.73 



F (2df,l68df) = 7.2 
.001 
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In onJor to further isolate the effects of instructional 
treatment upon concept JcarninK* Tables Il-H^ 0\ and D display 
i>econ(iary analyses of variance comparing pairs of instructional 
treatment groups. Although secondary analyses must be inter- 
preted with special care since a more rigorous basis than usual 
is required for rejection of the null hypothesis, these second- 
ary analyses do show that differences between all pairs of 
groups were significant. 



TABLE II-B 

ANOVA OF PHF^TEST - POSTTEST #1 DIFFERENCE SCORES 
BY GROUPS T AND III 



Source of 




Sum of 


Mean 




Variation 


df 


Squares 


Square 


F 


Between /groups 


1 




3^0.^43 


20.09 


Within groups 


112 


1898. lU 


16.95 




Total 


113 


2238.57 






F (Idf ai2df) 


= 6.87 F 

.001 


(ldf,112df) = 11. U 








TABLE II-C 






ANOVA OF PRETEST 


- POSTTEST #1 DIFFERENCE SCORES 






3Y 


GROUPS I AND II 






Source of 




Sum of 


Mean 




Variation 


df 


Squares 


Square 


F • 


Between groups 


1 


122. II4 


122, in 


7.05 


Within groups 


11? 


1919.72 


17.32 




Total 


113 


2061.86 






F {ldr,112df) 
.01 


- 6. 


. 87 F 

.001 


(Idf »n2df) = 11 Ji 
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TABLE II-D 

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES 
BY GROUPS II AND III 



Source of 
Variation 


(if 


Sum of 
Squares 


Mean 
Square F 


Between groups 


1 




5^^.75 ^uOH 


Within groups 


112 


1517.86 


23.55 


Total 


113 


1572.61 




F (Idf ,112dr) 
.Op 


= 3.93 


F 

.01 


(ldr,ii2dr) = 6.BT 



2, Which of the three instructional treatments produced greatest 
efficiency of learning (gain in achievement per unit time)? 

Table III displays a list of the mean time which students in 
the three instructional j^roups spent in unit activities, exclusive 
of time used for testing. Students in Group I spent a minimum 
of one hour and forty minutes at the computer terminally. No 
homework was done as part of the unit by students in this group. 
Group It classes spent six forty-minute periods on unit activ- 
ities in class and approximately forty-five minutes were spent 
by each student in activities which were completeH outside of 
class. Group III classes spent between nine and eleven fifty- 
minute periods in the unit and completed approximately twenty 
to thirty minutes of homework outside of class for each of these 
periods. In other words. Group III students spent approximately 
two full weeks in physics class on unit activities exclusive of 
test time. 
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TABLE III 

TiMK in in:;thuctional activitikg 





Mean Time 


Group time 


Group time 


(Iroup 


in Unit 


+ 


+ 




(minutes ) 


Group I time 


Group III time 


1 


90 


1.0 


0.12 


II 


.205 


3.2 


0.38 


III 


7>45 


8.3 


1.0 





The two columns at the right side of Table III compare mean 
completion time for each instructional group with the mean com- 
pletion time for Group I and Group III respectively. For example, 
on the average. Group III students worked in unit activities 
8,3 timea as lonK as students in Group I. Had concept learning 
been equivalent in all groups, then Groups I and II would have 
been 8.3 and 3.2 times more efficient respectively than Group HI 
(control). However, concept learning was not cquivi\Ient. Infor- 
mation yias already been presented indicating that Group I students 
achieved significantly higher gains during the instructional unit 
than did students in Group III. This means that the efficiency 
of learning in Group I was substantially greater than 8.3 to 1 
when compared with learning in Group III- (Group II students 
fell between those in Groups 1 and III in both achievement and 
in time spent in instructional activities.) 

3- What were the effects of the three instructional treatments 
upon retention? 
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The mean scores on Posttests ftl and d? and the respective 
standard deviations for each instructional group are displayed 
in Table IV. It should be noted that Table IV includes only 
the scores of those students presented in Table 1 who also 
took Posttest ff2. (Since Posttest ff2 was administered late in 
the school year, some students in the stuciy were not available 
to take that test.) 



TABLE IV 

POSTTEST #1 - POSTTEST COMPARISON 
WITHIN EACH INSTRUCTIONAL GROUP 







Number of 


Standard 


Mean Test 




Group 


Test 


Students 


Deviation 


Score 


t 


T 


Post #1 


51 


5.27 


25.29 


1.58 




Post ff2 


51 


5J*6 


2i<.)*9 




II 


Post #1 


J.1 


!4.98 


22. U2 


h.h9 




Post #2 




1».62 


20.20 


III 


Post HI 


5!^ 


5.06 


23.57 


0.65 




Post #2 


5)4 


5.75 


23.09 





t p.^ (J40-60df ) = 2.0 



After ancQ.y2ing the data using a Related t^ test for paired 
variables. Table IV shows that the null hypothesis was. not rejected 
for Group I ajid Group III, i.e., a significant loss in knowledge 
during the six month period after the unit was not measured by 
the tests administered to these groups- Table IV shows that 
there was a significant drop in score from Posttest #1 to 
Posttest #2 for the students in Group II. 
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Table V cUr;p]ayr, a review of Pretest and Posttest ^2 scores. 
The tnble shown that the niill hypothesis wan rejected for each 
of the three instructional groups. Thus, the gains in concept 
Ic'irninK nuidc by all instructional groups were still significant 
six months after completion of the \init. 



TABLE V 

PRETLIGT - POoTTKvST H2 COMPARIv^ON 
WITHIIJ KACH INSTRUCTIONAL GROUP 







Number of 




Standard 


Mean Test 






Test 


Students 




Deviation 


Score 


t 


I 


Pre 






h.2h 


17.^1 


12.55 




Post .^2 


51 




'}.h6 


2h.h9 




ri 


Pre 


hi 




3.55 


16.02 


9.^8 




Post ^K^. 


hi 




It. 62 


20.20 




in 


Pre 


5). 




5. on 


IQ.B7 






PoGt »2 






5.75 


23. B9 






()iO-r.odf) = 3.5 












ijov did the 


input A'-ariables of Initial 


student intelligence 


fipt itudt 




. , and 3ex 


affect achieven.cnt ? 








.0 effects 


of 


learner characteristics 


upon con- 




L leMrnirit: w: 


idcr the three 


instructional 


t reatrrent 


s , two way 



annlysco oV variance were run with Pretcia - Posttest //I dif- 
ference scoren Tor indivif3unl students as the dependent variable. 
"T^'.^le VI stjrmnarizo:^* the results of the analyses for six independent 
vnri'ibles rex^rescntinr, Learner characteristics. 
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TABLK VI 

TWO-WAY ANOVA OF PRETEST - P03TTKST #1 DIFFEHENCE SCORES 
BY VARIABLE AIID IMGTRlICTiatlAL CROUP ~ SUM!«mRY 



VARIAiiLh 


I - III 


G rouoG Compared 
I - II 


11 - 111 




n 


r, 




VPSAT 


0 


0 


0 


VPSAT interaction 








wi th ins t ruct ional 


0 


c 


c 


metliod 








?vTr>AT 


0 


0 


0 


Pretest 


b 


0 


b 


Granu 


0 


0 


0 




c 


c 


0 



b = rejected at ,0] level. 

c = IIq rejected at .05 level. 
0 = not rejected. 



The table shows that IQ, VPSAT, MP:>AT, and Grade did not 
significantly ^iffect the concept learning which occurred durinf?; 
the instructional unit as measured by the evaluation instruments 
used in the study. Between Groups I and II and Crotipr, II and 
III some interaction was observed between verbal aptittide anci 
instructional method. Group IT students having hi/.?;h verbal 
scores had substantially f.reater difference scores from Pretest 
to Posttest ,^1 than did students with lower verbal aptitude, 
and this phenomenon was not apparent in Group 1 or in Group 
III. Prom this data wo mirjjt infer tViat rending ability wuji 
a >;reater factor con tri but i nr. to achievement in Group il tlian 
in the other two instructional groups. It should be noted. 
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however, that the flroup II hif;h verbal cell size was considerably 
smaller than the corresponding cells in the other two groups. 

Table VI indicates that Pretest score did significantly 
affect concept learning when Group I was compared with Group 
in and when Group II was compared with Group III, With the 
exception of an inversion in Group III, mean Pretest-Posttest #1 
difference scores were greater when mean Pretest scores were 
lower in all instructional groups. Concept learning means 
from Pretest to Posttest #1 were lower for the girls than for 
the boys in all instructional groups. Table VI indicates that 
secondary analyses of variance showed that Sex did significantly 
affect concept learning when Group I was compared with Group III 
and when Group 1 was compared with Group II. 

5. Whiat effect did the unit have upon student attitude in the 
two instructional treatment groups using simulated materials? 

A mean attitude score was developed for each student from 
responses on the Attitude Survey which was administered to 
5tu(ients in Groups I and IT six months after the conclusion of 
the instructional unit, and cor'Telations between these scores and 
other variables were investigated. The grand mean scores on the 
survey for both groups indicated generally favorable attitudes 
toward the mode of instruction; the Group I mean was slightly 
higher than the (Jroup II mean. A review of individual item means 
for each group is presented in Table VII. A score of fi ve represents 
maximiom favorable attitude, a score of one represents maximum 
negative attitude, and a score of three represents a neutral 
attitude toward the instructional unit. Responses should be 
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TABLE VII 

INSTRUCTIONAL GROUP ATTITUDE PROFILES 



Item cVid Description 



Item and Description 



Scale Values 



1 . Work at own 
pace 



2 



2. -Not too mech- 
anical 1- 



3. -Easy to 
work 



4. -Didn't feel 

tense ^- 



5, -Didn't feel 
isolated — 



6. Responses 
helpful 

7. Efficient 
use of time- 

8. -Pace not 

f rustrating- 

9. -Not boring 



10. -Did not de- 
personalize— 



11 . Kan ted to 
learn more - 

12. -Method was 
flexible 



4 



-0 TT- 



xo > 



-i -G+K- 4- 



Scale Values 



— I- 



13 . Conversa-*^ 
tional 

14. Learn 
quickly 

15. -Cared 

16. Private 
tutor 

17. Personal 
attention* 

18. Enjoyed 



-4- 



19. -Self- 
expression — 4- 



20. Prefer 
format 



Grand Mean 



0-7^ V 



Reversed Scales 
X Group I mean 
0 Grouo II mean 
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carefully scrutinised individually, but a review indicates, 
among other things, that students liked the instructional units 
(Group I hif^her than Group II) and that they felt the units 
Were easy to use. Also, it is interesting to note that stu- 
dents in Group II perceived the unit as making more efficient 
use of their time than did students in Group I. Yet, cognitive 
data in the study showed the reverse to be true. 

COIJCUJGIONS 

Analysis of datn in this study showed that student learning of 
fiindanental conceptr> in force and motion was significant in the two 
experimental ^:roups and in the control group. It also showed that 
learning was si^^nificantly Kr*tiater for students studying the concepts 
through computer si!:iul.at ion dialogs than for students in the second 
experimental ir^roup and in the control group. P'urthermore , control 
students i^pent '^.3 times as long in instructional unit activities. 

Students in the control group spent 3.2 times as long in 
instrnctional activities as did students in a second simulation group 
which did not have occess to the computer dialogs. The achievement 
of this second group was significantly greater than that of the 
control group. Thin simulation f^roup , however , had conceptual los- 
ses not experienced by the control group as measured on a second 
posttest administ.ered six. months after the completion of the 
ipot riii^t ionaJ unit, (lltudents using the computer simulation dialogs 
r.howed no significant losses in conceptual understanrling as measured 
on the Second posttest.) 
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Student attitudes toward both simidated units were favorable. 

The data indicated that in spite of limitations, the computer 
does have extensive potential for individualizing instruction. The 
design of the instructional materials produced in this study may 
well provide a model for the design of other simulated experiments 
which will be effective supplements to science curricula. 



A COMPUTER-BASED SIMULATION FOR INTRODUCTORY PHYSICS 



PROGRAM MD FILE LISTINGS 



techn i ci 1 report 1 



78 



79 



list 

FORCEA 

10 PRINT 

20 FILES LUNFI 

30 uIM AiC6^} ,NC I4r I 0 3 

40 MAT N-ZER 

60 L«0 

60 PRINT •welcome TO OUR SIMULATED PHYSICS LAB. THROUGH THIS SERIES OF* 

70 PRINT •PROGRAMS AND FILM LOOPS WE WILL INVESTIGATE HOW 

60 PRINT "FORCE, AFFi^CTS T}{E MOTION OF AN OBJECT.* 

90 PRINT "HAVE YOU WATCHED THE FILM LOOP FORCE & MOTION l?" 

100 PRINT 

I 10 PRINT "USE ONLY NUMERALS AND CAPS FOR ANSWERS* 

120 PRINT 

130 INPUT AS 

MO 2-1 

150 G0SU3 S350 

160 READ &l j\ 

170 FOR lm\ TO 13 

180. HEAD #1 JA> 

i 90 PRINT AS 

200 NEXT I 

210 PRINT "IF A ROCK IS TRAVELLING THROUGH SPACE AT 100 M/5EC AND THERE ARE NO" 

220 PRINT "FORCES ACTING ON IT, WHAT WILL BE ITS SPEED <IN M/SEC) S SEC. LATER?* 
230 INPUT D 
2^0 IF Dr I 00 THEN I 520 

25 0 READ V 1,1/1 

26 0 FOR I«l TO 9 

27 0 READ # I I Ai 

28 0 PRINT AS 

29 0 NEXT I 

300 PRINT "TYPE BELOW THE AMOUNT OF STRETCH IN CM WHICH YOU INTEND TO APPLY DURING' 

310 PRINT "THE RUNS THROUGHOUT THIS EXPERIMENT." 

32 0 INPUT 3 

330 IF B<50 THEN 2570 

3aO' IF B>100 THV:U 2600 

350 PRINT "YOU MAKE THE SIMULATED RUN WITH THE CART APPLYf NG A FORCE OF"|B{"CM," 

360 PRINT "THEri I'LL ArJALY^c: THE TICKER TAPE, MAKE A DATA TABLE, AND PLOT A GRAPH" 

■370 PRINT "OF VELOCITY VERSUS TIME." 

380 PRINT "HOW MANY BRICKS SHALL WE PLACE ON THE CART FOR A LOAD IN THIS RUN?" 

390 INPUT G 
AOO IF C< 1 THEN 2470 

^tl 0 IF C>9 THEN 2530 
U20 IF C«INT(C) THEN 4i50 

Zi30 PRINT "WE DQN'THAVE PARTIAL BRICKS IN OUR LAB. TYPE IN A WHOLE NUMBERI* 

440 GOTO 390 

450 GOSUfj 103 0 

460 PRINT "WHAT KIND OF RELATIONSHIP EXISTS BETWEEN VELOCITY AND TIME UNDER THESE" 

470 PRINT "COIIOITIONS (DIRECT OR INVERSE)?" 

480 INPUT Ai 

490 IF Air'DlRECT' THEN 2370 

50 0 READ # I ,23 

51 0 FOR I-l TO I I 
520 READ # I ; Ai 
530 PRINT AS 

540 NEXT I 
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550 PRINT 'FROM THE GRAPH CAN SEK THAT THE CONSTANT FORCE GAVE OUR' 

560 PRINT "CART WHAT KIND OF ACCELERATION?" 

57 0 INPUT AS 

58 0 PRINT ^ 
590 IF A5#"C0NSTANT" THEN 1700 

60 0 LET L^O 

610 COSUB 1260 

620 PRINT "BUT IS THE ACCELERATION hLVAYS CONSTANT UNDER THE INFLUENCE OF A" 

630 PHINT "CONf.TANT FORCE?" 

6^0 PRINT "HOU WOULD THE DATA DIFFER IF WE HAD USr:D A DIFFERENT LOAD?" 

650 PRINT "TO FIND OUT, LET'S CliArJGE TJIE NUMBER OF DRICKS ON THE CART AND MAKE" 

O60 PRINT "ANOTHER RUN APPLYING THE SAME FORCE OF";u;" CM." 

670 PRINT "HOW MANY BRICKS SHALL WE PLACE ON THE CART FOR A LOAD IN THIS RUN?" 

o50 LET 1*2 

690 INPUT D 

700 IF u<l THEN 2-!470 

710 IF D>9 THfc:N 2530 

720 IF D=:C THEN 2130 

73 0 IF D--^INT(D) THEN 76 0 

7^0 PRINT "WE DON'T HAVE PARTIAL BRICKS IN OUR LAB. TYPE IN A UHOLE NUMBER!" 

750 GOTO 690 

7t)0 LET C^D 

77 0 HAT N»ZER 

780 GO:,\JQ 1030 

79 0 G'JSUn 1260 

OOn PRjfNT "AS YOU CAN SEE OUR DATA ALSO INDICATE THAT THE MASS OF THE CART DID" 

CIO PRINT "AFFECT THE ACCELERATION." 

820 PRINT "WAS THE ACCELERATION GREATER OR SMALLER WHEN THE SMALLER MASS WAS" 

530 PRINT "ACCELERATED?" 

840 INPUT AS 

650 IF Ai*" GREATER" THEN 1950 

GC>0 READ * I ,34 

6 70 FOR TO 9 

sao iu-:ad # i jas 

890 * Pin NT A5 
90 0 NEXT I 
910 LET L«0 

920 PRINT "IF AN AIRPLANE'S ENGINES PRODUCE A NET FORCE WHICH IS CONSTANT AND WHICH 

930 PrilNT "ACCELERATES THE PLANE FROM 0 TO 100 M/SEC IN 20 SEC, WHAT WILL BE THE" 

940 PRinV "PLANE'S VELOCITY IN M/SEC A^ THE END OF 40 SEC?" 

950 JNPUT D 

960 If D^20 0 THEN 2020 

970 PRINT "RlGHTf AGAIN, A CONSTANT FORCE CAUSES A MASS TO HAVE A CONSTANT" 
980 PRINT "ACCELERATION." 

990 PilINT "UUT IIOU WOULD THE ACCELERATION HAVE DIFFEP.ED HAD WE APPLIED A DIFFERENT" 
IGOO PRINT "F0RCE7--THIS QUESTION WILL FORM THE BASIS FOR TliE NEXT" 
1010 PRINT "EXPERIMENT IN THIS SERIES*" 
1020 GOTO 2640 

J030 PRINT "J'VE GOT THE BUZZER ON; ---AND THERE YOU GO PUSH 1 N G THE CART DOWN THE" 
1040 PRINT "HALL FLEET-FOOTED AS A DEERIf ??" 
I.uaO LET A»4»B/( (C^-l ) *5> 
h^jO let A-IMT( 1 0 •A)/1 0 

1070 PRINT "HERE IS A DATA TABLE I'VE MADE FROM THE TICKER TAPE PULLED DY THE* 
1030 PRINT "CART IN THIS RUN:" 
1 090 PRINT 

I 100 PRINT "TIME CSEC) VELOCITY (CM/SEC) CLOAD ""|C|" BRICKS FORCE -"|B|" CM3" 
lUO FORT". I TO I STEP. I 
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1120 PRINT TAB(3) >T>TAB(16)|A»T 

I 130 LKT V-A»T>1 

I |/40 IF V<13.5 TKEN 1260 

I 150 LcT V-14 

I 160 LKT MCV,T«i 0 J-l 

I I 70 MEXT T 

1160 PRINT 

I 190 PaiNT "HERE IS A GRAPH OF THE DATAt' 

i:>aa Ci)5UB 2160 

1210 PRINT "STUDY THE DATA AND GRAPH. CAN YOU OBSERVE ANY REGULARITIES?" 

12:^0 INPUT Ai 

1230 7.p2 

12^0 fVJSUB 1350 

125 0 fi.::TUaN 

1260 PIUrJT 'THE COTJSTANT FORCE VE APPLIED IN THIS RUN DID PRODUCE A CONSTANT* 

1270 PiUrOT "ACCELli:KAT ION. " 

1260 PRINT "ANAUYZc: THE GRAPH AND DETERIilNE THE ACCELERATION IN CM/SEC/SEC." 

1290 IIIPUT D 

1 30 0 IF (D >« A*-. 5) OR (D <= A- . 5 ) THEN 1790 

1310 i'RINr "OK. OUR' CUNSTANT FORCE 0F'*;i3j"CM CAUSED OUR CART TO HAVE A CONSTANT* 

1320 IMMNf "ACCELERATION UF";Aj" CM/SEC/SEC." 

133 0 PRINT 

I3n0 U'iTURN 

1350 IK A>»"YKS" THEN 1 0 

1360 U' Ai-'ycy" Ti{EN I <i 1 0 

1370 IF A.>»''no*" THEtJ l<*70 

1330 tF AS3"N0" THEN W470 

1390 PRINT "PLEASE TYPE YES OR NO" 

UiOO (.'JTO Z OF 9 0 ,1210 

UI 0 i ^TO Z OF 160 , 1250 

1/420 p;MNT "call proctor - ERROR IN LINE 1296" 

1^30 ('')T0 2690 
!ih:TURN 

1/450 PRINT "PLEASE TYPE IN 'YES' OR 'N0'| I'LL ASK T>IE QUESTION AGAIN." 

UoO GOTO 90 

I*'i70 IF Z^2 THEN 1670 

UbO ^^.RUJT "TO NAKE THE SINULATION AS RFALISTIC AS POSSIBLE YOU SHOULD VIEW FILM* 

Ui90 PRINT "LOOP FORCE & KUTiON I PRIOR TO PROCEEDING. THE FILM VILL HELP YOU* 

IjOO PRINT "'iUNDERSTANO TIIE tJATURE OF THE APPARATUS WE WILL USE." 

Ibl 0 GOTO 2to'/0 

1520 IF D*0 THu^N 1550 

15JQ PiUNT -BE CAREFUL TO TYPE NUMBERS - TRY AGAIN" 

15/40 GOTO 230 

1550 LET L"L+ I 

1560 IF L"2 THEN 1630 

1 57 0 JIEAD i» 1 > <43 

1 5B0 f OR I-nl TO 6 

1590 READ #1 I Ait 

1600 F>aiNT Ai 

1610 NEXT I 

i6r:o CO TO 210 

lo30 rnirjr "MO; apparently you fJEED to review the property of inertia (NEWTOrj 'S 1ST' 

16A0 PRINT "LAW) BEFORE CONTINUING. CONSULT YOUR TEACHER OR YOUR TEXT AS SOON AS* 

1650 pni.NT "POSSIBLE.' 

1660 f:OTO 2690 

1670 PRINT "LOOK AT THE GRAPH AGAIN. THE PLOTTED POINTS SHOW THAT AS TINE INCREASED' 
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1630 PRINT •the velocity INCREASED IN A RATHER SIMPLE MANNER.* 

I6<y0 GOTO 1250 

1 700 IF Ai^^cons tant " TMEiV 6O0 

1710 IF Ai»'UNIFOaM" TJIEN 600 

1720 IF Ai«"urilform** TilEN 600 

I 730 HEAD if 1 ,49 , 

1 7^0 FOR I-l TO 8 . 

1 750 READ U Ai 

3 760 PRINT Ai 

1770 NEXT I 

1 760 GOTO 550 

1790 LET L-Lfl 

1300 IFL>=3 THEN 1920 

15 I 0 IF L«2 THEN 1560 

1620 PRINT "SGHHVr YGUR CALCULATION IS INCORRECT. I'LL GIVE YOU ANOTHER CH>VJCE. * 

1530 PRINT "REMEliaER ACCELERATION 15 THE SLOPE OF THE VELOCITY V.TIME GRAPH;" 

1840 PRINT 'SLOPE » HlSE/nm » CHANGE JN V/CHANGE IN T. " 

1850 GOTO 1230 

15^60 PRINT "YOU'RE NOT NEASURINii THE SLOPE PROPERLY. STUDY THE GRAPH AND CALCULATE* 

1670 PRINT "A AGAIN. IT SHOULD EQUAL" I A ; " GM/S EC/ SEC . TYPE 'GO* IK YOU SEE HOU TO GE 

laSO PRINT "THIS AND YOU WANT TO RETURN TO THE EXPERIMENT, OTHERWISE TYPE 'HELP'." 

1390 INPUT AS 

1900 IF Ai«"GO" THEN 1340 

1910 IF Ai«"go" THEN 1340 

1920 PRINT 'YOU tiEE,D ASSISTANCE IN MEASURING THE SLOPE OF A STRAIGHT" 

1950 PRINT "LINE. SEE YOUR TEACHER FOR HELP BEFORE RETURNING TO THIS PROGRAM." 

1940 GOTO 2O90 

1950 IF A.3»"LARGER' THEN S60 

1960 IF ACi--* great cr" THEN 860 

1970 IF AS.«'larger" then 860 

1950 PRir-JT "NO. LOO!C AT YOUR GRAPHS AGAIN. THE ACCELERATIONS ARE REPRESENTED BY THE 

1990 PRINT "SLOPES OF THE VELOCITY V. TIME GRAPHS. THE LARGER MASS HAS TH fl S:iALLER' 

2000 PRINT "ACCELERATION! LET'S TRY THE QUESTION AGAIN." 

20 10 GOTO 82 0 

2020 IF L 2 THEN 2100 

2030 LET L»Lf 1 

2040 PRINT "NO. SINCE A CONSTANT NET FORCE IS PRESENT THE PLANE WILL UNDERGO A" 

2050 PRINT "CONSTAnT ACCELERATION. THE SAME CHANGE IN VELOCITY WILL OCCUR IN E-ACH" 

2060 PRINT "TIME I NT EHV;aL . FROM THE DATA IN THE PROBLEM VI-: CAN SEE THAT TJ!/; PLANE'S" 

2070 PIUNT "VELOCITY INCREASES oY 5M/3EC EACH SEC. WHILE T}fE NET FORCE IS PRESENT." 

2060 PRINT "LET'S TRY THE QUESTION AGAIN." 

209G GOTO 920 

2100 PRINT "NO. THE CORRECT ANSWER IS 200M/SEC. IF YOU DON 'T UNDERSTAND WH Y DISCUSS 

2110 PRINT "THIS WITH YOUR TEACHER AS SOON AS POSSIBl,E." 

2120 GOTO 990 

2130 PflINT 'NO? DON'T USE" JD;" DRICKS AGAIN. WE WANT TO MAKE A RUN WITH A LOAD" 

21^0 PRINT "THAT IS DI FFERENT FROM OUR FIRST RUN. SO, AGAIN--" 

2KSQ GOTO 670 

21 60 PRINT 

2170 FOR Y=«12 TO 1 STEP -1 

2180 READ Ai 

2190 PRINT AS J 

2200 IF Y/2^INT(Y/2) THEN 2220 

22! 0 PRINT TAD<7>|YJ 

2220 FOR X«l TO 1 0 

2230 IF* NCY*-!,X3-1 THEN 2270 
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2240 
2S50 
2260 
2270 
2280 
2290 
23 0 0 
2310 
2320 
2330 
23A0 
2350 
2360 
2370 
23bO 
2390 
24100 
2/1 ID 
2/120 
2/;30 
2^40 
2C»50 
2^6 0 
2/i7 0 
2/^00 
2^90 
2500 
2510 

25no 

:-^530 

2550 
2560 
2570 
2560 

r->59n 

260 U 
2610 
2<j20 
2630 
26/10 
2t50 
26 60 
2670 
2680 
2690 
2700 



•♦•;TAa( i3*x»4)i*'x" 



.5 ,6 •? .8 .9 l.a* 



FORCE -"Iflj • CM]' 



'DIRECT' OR 



SO, AGAIN- 



NEXT X 

PHim TAa<l3>I 
GOTO 2260 
PRIWT TAB< 13) I 
NEXT Y 

PRINT TAB(8)|"0 

PRINT TAB<I3>J"0 .1 .2 .3 . .4 . 
PRINT TABC25>)'TIME (SEC)" 
PRINT "CLOAD »'*;C|" BRICKS 
PRINT 

DATA *V* , 'E" , *L" , *0 

RESTORE 

rp:turn 

IF Ai.=»"'<llrect* THEN 500 
IK AS«"INVERSE* THEN 2420 
IF A>«'lnvorso' THEN 2420 
PRHJT ■YOUR ANSWER MUST BE 
CUTO 46 0 

PRINT ■WRONG. WHEN TWO VARIABLES ARrJ INVERSELY RELATED ONE DECREASES AS THE' 
PRINT ■OTILTXt INCREASES. LOOK AT YOUR GRAPH AGAIN. IT SHOWS THAT THE VF-LOCITY" 
PRINT ■iNCni-tASED VHILE TIME INCREASED. THIS MEANS THAT THE VARIABLES ARE" 
PRINT ■DIRECTLY RELATED. SO, AGAIM--^ 
GOTO 460* 

PRINT ■IF YOUH CART HAS LESS THAN I BRICK ON IT AND YOU APPLY THE FORCES" 
PRINT "AVAILABLE WITfi OUR APPARATUS, THE CAHT WILL TAKE OFF SO FAST YOU WON'T" 
PRINT "BE ACLE TO APPLY A CONSTANT FORCE. I SUGGEST A LOAD OF I OR MORE DRICKSJ 
PRINT "SO, AGAIN--" 
IF I«2 THEN 690 
GOTO 39 0 

PRINT "I CAtJ ONLY FIND NINE BRICKS IN THE LABOl^TORY. BESIDES, THE CART WILL" 
PRINT "DE PRETTY HARD TO HANDLE WITH MORE THAN NINE BRICKS ON IT. SO, AGAIN — * 
IF 1-2 THEN 690 
GOTO 390 

PRINT "THE UNSTRETCKED nU?35ER LOOP IS ALMOST 50 CM LONG. WHEN VE STRETCH THE" 
PRINT "LOOP LESS THAN 50 CM WE'RE NOT APPLYING A SIGNIFICANT FORCE. SO^ AGAIN--" 

CO TO 30 0 

PRIDT "WE'RE STRETCHirjr, THE RUBBER BAND WITH A METER STICK WHICH IS* 
PRINT "lOOCM LONG. YOU CAN'T APPLY A CONSTANT FORCE ACCURATELY WITH" 

PRINT "THESE MATERIALS IF THE STRETCH EXCEEDS lOOCM. SO, AGAIN " 

aOTO 300 
R.vAD #1 ,57 
lUR I«l TO 14 
READ * n Ai 
PRINT Ai 
NEXT I 

PRINT "TO SIGN OFF THE TERMINAL, TYPE 'BYE* AND PRESS THE RETURN KEY* 
END 
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I 

ONE INSTRUCTION ij£FORE UE BEGINj WHEN YOU'RE ASKED TO TYPE 
2 

IN NUMERICAL DATA, DO WOT TYPE THE UNITS OF THE ANSWER. FOR 
3 

EXAMPLE, AN ANSWER OF lOM/SEC SHOULD BE TYPED '10'. 
H 

EXP.'iRlENCE TELLS US THAT WE MUST APPLY A FOftCS TO CAUSE 
5 

AN GHJECT TO MOVE. IN THIS SERIES OF SIMULATED EXPERIMENTS V! 
6 

SHALL INVESTIGATE PHYSICAL VARIABLES WHICH AFFECT TH£ MOTION 
7 

OF AN OBJECT. THE DATA WHICH WE WILL GENERATE WILL BE \JZ^t 
Q 

SIMILAR TO THAT OBTAINED BY EKPERIMENTERS USING THE REAL 
9 

APPARATUS SHOWN IN THE FILM LOOP. I WILL BE YOUR LAB 
10 

PARTNER. 

u 

BEFORE WE CONTINUE, YOU SHOULD BE FAMILIAR WITH TJIE 

Hi 

PROPERTY OF INERTIA l/HICJi WAS DESCRIBED BY GALILEO AND 
13 

NEUTON. 
1^1 

COliftECTl DUE TO THE PROPERTY OF INERTIA CSOMETIMES CALLED 

IB 

NEUTON's 1ST LAW) AN OBJECT'S VELOCITY WILL BE CONSTANT 
16 

UNTIL AN UNBALANCED FORCE IS APPLIED. YET, IN WHAT WAY WILL 
17 

AN UNBALANCED FORCE CAUSE THE VELOCITY TO CHANGE? 
18 

IN THIS FIRST EXPERIMENT WE SHALL INVESTIGATE HOW AN 
19 

OBJECT'S VELOCITY CHANGES WHEN UE APPLY A CONSTANT FOriCE. 
20 

WE SHALL APPLY A CONSTANT FORCE TO THE CART BY KEEPING ONE 
21 

LOOP OF RUBBER STRETCHED A CONSTANT LENGTH. CWE CAN 

22 

STRETCH OUR LOOP TO ANY LENGTH BETWEEN 50CM AND tOOCM. ) 
, 23 

RIGHT! IN FACT, THERE APPEARS TO BE A LINEAR RELATIONSHIP 

■ 24 

,9^-oET WEEN VELOCITY AND TIME IF UE OVERLOOK THE SMALL IRREGU- 
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25 

LARITIES PROoABLY CAUSED BY EXPERirJENTAL ERROR SUCH AS 
26 

VARIATIONS IN THE FORCE APPLIED. THE CHANGE IN VELOCITY WAS 
27 

PROPORTIONAL TO THE TIME INTERVAL DURING WHICH THE FORCE 
28 

ACTED. WHEN WE APPLIED A CONSTANT FORCE TO THE CART THE 
29 

VELOCITY INCREASED AT A CONSTANT RATE. 
30 

FROM YOUR STUDY OF MOTION YOU WILL RECALL THAT ACCELEHA- 
31 

TION IS THE RATE OF CHANGE OF VELOCITY. THE ACCELERATION 
32 

OF AN OBJECT IS THEN THE SLOPE OF ITS VELOCITY V. TIME 
33 

GRAPH. C CHANGE IN V/ CHANGE IN T). 
34 

COnRECTi THE SMALLER MASS UNDERWENT A LARGER ACCELERATION. 
35 

APPARENTLY THERE IS SOME KIND OF INVERSE RELATIONSHIP 
36 

BETWEEN THE MASS OF AN OBJECT AND ITS ACCELERATION WHEN A 
37 

CONSTANT FORCE IS APPLIED. WE WILL FURTHER INVESTIGATE THIS 
36 

RELATIONSHIP IN THE THIRD EXPERIMENT IN THIS SERIES. 
39 

TO SUMMARIZE! WE CAN SEE FROM THE GRAPHS OF OUR DATA THAT 
WHEN A CONSTANT FORCE WAS APPLIED TO A CART WITH A PARTI- 
CULAR MASS THE ACCELERATION WAS CONSTANT. 

NOW, LET'S TRY ONE LAST PROBLEM. 
43 

NO; YOUR ANSWER IS INCORRECT. BY THE PROPERTY OF INERTIA WE 
44 

MEAN THAT AN UNBALANCED FORCE IS NECESSARY TO CHANGE THE 
45 

VELOCITY OF AN OBJECT. IN THIS PROBLEM WE WERE TOLD THAT NO 
4o 

FORCES WERE ACTING, AND IIENCE, NO CHANGE IN VELOCITY WILL 
4 7 

OCCUR. APPARENTLY EVEN FRICTION IS NEGLIGIBLE IN THIS 
46 

PROBLEM. I'LL ASK THE QUESTION ONE MORE TIME. 
49 

INCORRECT. THIS GRAPH OF VELOCITY VS. TIME CAN BE REPRESENT 
50 

BY A STRAIGHT LINE. THE SLOPE OF A STRAIGHT LLNE IS THE SAME 
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5J 

AT ALL POUJTS ON TK£ LINE. AN OBJECT'S ACCELERATION IS ITS 

52 

CHANGE IN VELOCITY PER UNIT TIME; IT IS THE SLOPE OF THE 
53 

VELOCITY V. TIME GRAPH. THEREFORE THE CONSTANT FORCE HAS 

CAUSED A CONSTANT ACCELERATION. IF YOU HAVE DIFFICULTY 
65 

UNDERSTANDING THESE IDEAS, DO TALK THEti OVER WITH YOUR 
56 

TEACHER AS SOON AS POSSIBLE. LET'S TRY THE QUESTION AGA1N-- 
57 

SINCE YOU HAVE BEEN STUDYING FORCE AND MOTION USING A SIMU- 
56 

LATED EXPERIMENT, YOU HAVE NOT HAD TO COPE WITH THE MANY 
59 

SOURCES OF EXPERIMENTAL ERROR PRESENT IN THE ACTUAL 
60 

APPARATUS. IF YOU V/ERE TO DO THE REAL EXPERIMENT YOU WOULD 
61 

HAVE TO REDUCE SUCH ERROR BEFORE THE GENERALI ZATi ONS WE'VE 
62 

SEEN COULD BE OBSERVED. PERHAPS YOU WILL BE ABLE TO PURSUE 
63 

THE INVESTIGATION FURTHER AT HOME OR IN YOUR LAB. 

AFTER YOU'VE SIGNED OFF THE TERMINAL ROLL OUT SEVERAL 
65 

EXTRA INCHES OF PAPER. ON THIS PAPER LIST THE SOURCES OF 
66 

EXPERIMENTAL ERROR AS YOU ENVISION THEM AND STATE THE 
67 

MAJOR COrCCLUSIONS YOU CAN DRAW FROM THE EXPERIMENT. 
68 

INCLUDE THIS PAPER IN YOUR PHYSICS NOTEBOOK. AS SOON AS 
69 

YOU HAVE THE OPPORTUNITY VIEW THE NEXT FILM LOOP 'FORCE & 
70 

MOTION II* AND THEN RUN 'FORCES*. 
71 

72 

73 
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list 

FORCES 

I 0 FILES LUNF2 

20 0;M A^C653,NCll»101,OCIlil03 

30 PRINT -WELCOME AGAIN TO OUR SIMULATED PHYSICS LA6. IN THIS SECOND" 

i40 PRINT "EXPEaiM^^NT OF THE SZHIES VE UILL INVESTIGATE HOV FORCES AFFECT" 

50 PRINT "THE ACCELERAT 1 0^i OF AN OBJECT. HAVE YOU COMPLETED FORCEA A* 

60 PRINT "WATCHED THE FILM LOOP 'FORCE A MOTION 11*7" 

70 INPUT Ai 

60 IF AS-"YES' THEN 90 

82 IF AS#*ye3" THEN 2760 

90 LET L«0 

95 MAT N=«2ER 

9S MAT 0"ZER 

100 PRINT "IN OUR LAST EXPERIMENT WE OBSERVED THAT A CONSTANT FORCE GAVE OUR CART" 
I 10 PRINT "WHAT KIND OF ACCELERATION?" 
120 INPUT AS 

130 IF Al-"CONSTANT- THEN 150 
132 IF Ai=»"con3tant" THEN 150 
134 IF AS.3* unl f orm" then 150 
I'iO IF ASP'UNIFOHM" THEN 2800 

150 PRINT "RIGHT! NOV TO STUDY HOW ACCELERATION VARIES WHEN THE APPLIED FORCE IS" 
160 PRINT "CHANGED WE'LL HOLD ALL OTHER VARIABLES CSUCK AS MASS) CONSTANT.* 
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170 PRINT -HOW MANY BRICKS SHALL VE PLACE OM THE CART THROUGHOUT THIS EXPERIMENT?' 

180 INPUT C 

190 IF C<2 THEN 2660 

200 IF C>10 THEN 2720 

210 LET M-CC^'D^S 

220 LET F-2.5 

23 0 IF C>9 THEN 310 

240 LET F-2 

250 IF C>7 THEN 310 

260 LET F«l .5 

270 IF C>5 THEN 310 

280 LET F-1 

290 IF C>3 THEN 310 

300 LET F-.5 

310 READ #1 » 1 

320 FOR I«l TO 7 

330 READ #I|AS 

340 PRINT AS 

350 NEXT I 

360 FOR L«l TO U 

370 PRINT "HOV MANY LOOPS ARE YOU APPLYING IN THIS RUN? " 

380 INPUT B 

390 IF &»INT(S) THEN 420 

400 PRINT "VE DON'T HAVE ANY PARTIAL LOOPS IN OUR LAB* TYPE IN A WHOLE NUMBER.* 

410 GOTO 380 

4?.0 IF B<0 THEN 1470 

43 0 IF B-'IO THEN 1500 

440 LET AI«240»C8-F)/M 

450 LET AI-INT( 1 0»Al+.5)/l 0 

460 LET A2-240*B/M 

470 LET A2«INT< 10»A2+.5)/l 0 

480 IF A1>0 THEN 500 

490 LET Al-0 

500 PRINT "THE ACCELERATION IN THIS RUN VASs'jAl;" CM/SEC/SEC." 

510 IF A2 >» 105 THEN 560 

520 IF Al >- 105 THEN 560 

53 0 IF D-0 THEN 560 

540 LET N(Al/l 0+ 1 ,83«i 

550 LET 0{Ai2/IO + l,B)-l 

560 IF L<5 THEN 620 

570 PRINT *IF YOU'D LIKE TO MAKE ANOTHER RUN, TYPE 'RUN* J IF YOU'D LIKE ME* 

580 PRINT "TO GRAPH A VS. F, TYPE 'PLOT'.' 

590 INPUT AS 

595 IF AS-*plOt- THEN 630 

60O IF AS-'PLOT* THEN 630 

605 IF AS-'run* THEN 620 

610 IF AS#"RUN* THEN 1540 

620 NEXT L 

630 aOSUB 2180 

640 PRINT "CAN YOU OBSERVE ANY REGULARITIES IN THIS GRAPH?" 

650 INPUT AS 

655 IF AS-'yes* THEN 670 

6&0 IF AS/*YES* THEN 1560 
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670 PRINT •WHAT KIND OF RELATIONSHIP EXISTS BETWEEN ACCELERATION AND FORCE * 
680 PRINT '(DIRECT OR INVERSE)?" 
690 INPUT AS 

695 IF Ai--<llrccf THEN 710 

700 IF Al#*DIRECT" THEN 2570 

7!0 READ #}»8 

720 FOR 1-1 TO 6 

730 READ #S|AS 

74C PRINT A$ 

750 NEXT 1 

760 INPUT A$ 

770 LET L-0 

7C0 PRINT "THERE IS FRICTION BETWEEN THE CART AND THE FLOOR WHICH OPPOSES THE* 
790 PRINT "FORCE VE APPLY. STUDY THE GRAPH & DETERMINE THE FORCE OF" 
800 PRINT "FRICTIONC IN LOOPS). " 
810 INPUT D 

d20 IF D<CF-.5) THEN 1620 
830 IF D>(F*.5) THEN 1620 
840 READ #1 » 15 
650 FOR t-l TO 5 
360 READ #11 AS 
670 PRINT AS 
880 NEXT I 
890 INPUT AS 

895 IK AS-" loft" THEN 1750 
900 IF AS«^"L£FT* THEN 1750 
905 IF AS»"rlght" THEN 920 
910 IF Ai# 'RIGHT" THEN 1810 
920 READ #l»20 
930 FOR i-I TO 4 
^^0 READ # 1 IAS 

95 0 PRINT AS 

96 0 NEXT I 
970 LET L-0 

980 PRINT "TYPE IN THE POINT WHERE YOU THINK THE NEW PLOT WILL INTERSECT THE" 

990 PRINT "FORCE AXIS." 

1000 INPUT D 

1010 IF D#0 THEM 133 0 

1020 PRINT "RIGHT! HERE'S THE NEW GRAPHl* 

10 30 MAT N-0 

1 0^13 GOsUB 2180 

1 050 PRINT "AGAIN, VE SEE A LINEAR RELATIONSHIP BivTWEEN FORCE AND ACCELE-" 
1 060 PRINT "RATIOfK NOTE THAT THOUGH THE INTERCEPT WITH THE FORCE AXIS* 
1 070 PRINT "HAS BEEN MOVED, THE SLOPE OF THE GRAPH HAS NOT CHANGED. " 
1080 PRIf;T "FRICTXONAL FORCE OOZS NOT APPEAR TO AFFECT THE SLOPS OF THE* 
1090 PRINT "ACCEL. VS. FORCE GRAPH." 
1100 LET L-0 

1110 PRINT "WRITE AN EQUATION TO FIT THIS GRAPH. USE 'A' TO REPRESENT ACCELERATION* 
1120 PRINT "AND 'F' TO REPRESENT FORCE. USE 'K' TO REPRESENT THE SLOPE <D0N'T* 
1130 PRINT "BOTHER TO CALCULATE IT). BEGIN THE EQUATlONi A« • . • " 
IMO INPUT AS 

MAS IF Ai-"a-Kr" THEN 1160 
1150 IF AS#"A-KF* THEN 2400 
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160 PRINT -niGHTt--BUT UHAT FACTORS UILL CAUSE THE SLOPE TO CHANGE? VE'VE" 

170 PRINT "OBSERVED THAT KRICTION HAS MO EFFECT. WHAT GTHEK VAHIADLE" 

180 PRINT "MIGHT CAUSE THE SLOPE TO CHANGE?" 

190 INPUT AS 

195 IF AS-"infilss* THEN 1210 

200 IF A$#"MASS* THEN 1930 

210 HEAD #1,24 

220 FOR I-I TO 10 

230 READ # U AS 

2A0 PRINT AS 

250 NEXT I 

260 LET L«0 

270 PRINT "A SPACESHIP IS ACCELERATING IN SPACE AT lOM/SEC/SEC DUE TO THE FORCE" 

2o0 PRINT "PROVIDED DY ONE ROCKET E:JCINE. SUDDENLY 2 MORE IDENTICAL ROCKETS ARE" 

290 PRINT -IGNITED PROVIDING THRUST IN THE SAME DIRECTION AS THE FIRST. VHAT" 

300 PRINT "ACCELERATION IN M/SEC/SEC DOES THE SHIP NOV/ EXPERIENCE?" 

310 INPUT D 

320 IF D#30 THEN 1950 

330 PRINT "GOOD! HERE'S ANOTHER PROHLEM FOR YOU TO TRYi" 

340 PRINT "IN 10 SEC AN OBJECT ACCELERATES FROM REST TO A SPEED OF 300CM/SEC" 

350 PRINT "VHEN ACTED UPON HY A NET FOHCE(F). AT THE EliD OF THE lOSEC 

3(?0 PRINT "INTERVAL F BECOMES ONE-TllIRD ITS ORIGINAL STRENGTH," 

370 PRINT "WHAT IS THE SPEED OF THE OOJECT AT THE END OF THE FIRST 20 SEC IN" 

3S0 PRINT "CM/SEC?" 

390 INPUT D 

4i00 IF D#400 THEN 2060 

<ilO READ #1,34 

4i20 FOR I«l TO II 

4i30 READ #|;a$ 

4/;0 PRINT A$ 

450 NEXT I 

460 GOTO 2880 

470 PRINT "A NEGATIVE NUMOER OF LOOPS?? UE CAN ONLY APPLY POSITIVE" 

48C PRINT "FORCE WITH OUR APPARATUS, SO, AGAIN --" 

490 GOTO 370 

500 PRINT "UITH MORE THAN 10 LOOPS STRETCHED 60CM THE CART MOVES SO FAST* 

5!0 PRINT "YOU CAN'T APPLY A CONSTANT FORCE. DON'T USE MORE THAN 10" 

520 PRINT "LOOPS, SO, AGAIN 

530 GOTO 370 

540 PRINT "YOU DIDN'T TYPE 'PLOT* OR 'RUN', WHICH DO YOU UANT TO DO?" 

550 GOTO 590 

S60 PRINT "ARE YOU LOOKING CAREFULLY AT THE DATA?" 

570 PRINT "NOTICE THAT AS FORCE INCREASES, ACCELERATION" 

5013 PRINT "ALSO INCREASES, 

610 GOTO 67 0 

620 IF L>1 THEN 1690 

630 LET L-L+l 

640 PRINT "SORRY, WRONG ANSWER, THE FORCES VE HAVE PLOTTED ARE THE FORCES' 

650 PRINT "VE APPLIED, FRICTION OPPOSES THE APPLIED FORCE, UNTIL THE" 

660 PRINT -APPLIED FORCE EXC^iEDS FRICTION THERE WILL BE NO ACCELERATION," 

670 PRINT -FIND THAT POINT ON YOUR GRAPH, LET'S TRY THE QUESTION AGAIN, ' 

600 GOTO 810 

690 PRINT "NO, THE FRICTIONAL FORCE I S" | F 5 " LOOPS • IT IS REPRESENTED" 

700 PRINT "BY THE INTERCEPT OF THE GRAPH WITH THE FORCE AXIS, IF YOU* 



1710 PRINT •DON*T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS SOON* 

1720 . PRINT "AS POSSIBLE. NOV, ANSWER THE QUESTION CORRECTLY. VHAT IS THE FORCE OF* 

J 730 PRINT "FRICTION SHOVfiJ OiN THE GRAPH?' 

1 7/*0 GOTO 810 

r/50 PRINT "THINK XT THROUtiH AGAIN. THE' 

1 760 PRINT 'MORE FRICTION, THE MORE FORCE" 

1770 PRINT 'REQUIRED TO CHANGE THE INTERCEPT," 

1771 READ #1,17 

1772 FOR l3i TO 3 

1773 READ #i|Ai 

1774 PRINT AS 

1775 NEXT I 
IdOO GOTO 890 

1510 PRINT "YOUR ANSWER MUST BE 'LEFT* OR 'RIGHT*. SO AGAIN 

1-820 GOTO 890 

1830 IF L>l THEN 1890 

' 640 LET L«L^ 1 

650 PRINT *N0. PLOTTING THE RESULTANT FORCE IS EQUIVALENT TO SUBTRACTING' 

I860 PRINT "THE FRICTIONAL FORCE FROM THE APPLIED FORCE. THE GRAPH WILL" 

1 870 PRINT "REPRESENT A FHICTIOMLESS CONDITION. TRY THE QUESTION AGAIN." 

18^:0 GOTO 900 

1890 PRINT "NO. THE NKV GRAPH SHOULD PASS THROUGH THE ORIGIN. IF YOU DON'T" 

190 0 PRINT •UNDERSTAND VHY, DISCUSS THIS WITH YOUR TEACHER AS SOON AS " 

1910 PRINT ''POSSIBLE* HZRC'S THE NEV Gn^iPH.' 

1920 GOTO lOAO 

1930 PRINT "WHAT ABOUT THE MASS OF THE CART?" 

19/10 GOTO 1210 

1950 IF L>1 THEN 2010 

1960 LET L-L*'! 

1970 PRINT "WRONG. THE APPLIED FORCE INCREASED TO 3 TIMES ITS ORIGINAL" 

19'=>0 PRINT "VALUE. THE ACCELERATION OF THE SPACESHIP IS PROPORTIONAL TO" 

1990 PRINT "THt: APPLIED FORCE. TRY THE QUESTION AGAIN." 

20 0 0 GOTO 1270 

20 10 PRINT "SINCE THE FORCE INCREASED TO 3 TIMES ITS ORIGINAL VALUE, THE" 

2C20 PRINT 'ACCEL. INCREASl-D TO 3 TIMES ITS OKI GINAL VALUE, AND 3X10 = 30." 

2030 PRINT "IF YOU DON'T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS SOON" 

2040 PRINT "AS POSSIBLE. NOW, HERE*S ANOTHER PR05LEM. " 

2Ci50 GOTO 1340 

2060 IF L>2 THEN 2140 

2070 LET L'-L* 1 

2000 PRINT "SORRY, WRONG ANSWER, IN THE SECOND TIME INTERVAL THE FORCE" 

2090 PRINT "IS 1/3 ITS ORIGINAL VALUE AND HENCE TJIE ACCEL. IS !/3 ITS" 

2100 PRINT "ORIGINAL VALUJ::, IF THE 0»3JLCT GAINI:.D 300Cri/SEC IN THE FIRST" 

2110 PRINT "10 SEC, IT WILL GAIN 1/3 THAT IN THE NEXT 10 SEC. TRY TH^" 

212 J PRINT "QUESTION AGAIN." 

2130 GOTO 1370 ^ 

2140 PRINT "NU.V 1/3 OK 300 IS 100. YOU NEED FURTHER HELP IN UNDERSTAWDI NO" 

215*) PRINT "THIS CONCEPT. CONSULT YOUR TEACHER BEFORE CONTINUING THIS" 

2160 PRINT "PROGRAM." 

21 70 GOTO 2660 

22H0 PRINT 

2?90 FOR Y"10 TO I STKP -I 

22 0 0 READ AX 

2210 PRINT AS I 
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2220 IF Y/2*INT<Y/2) THEN 2270 

2230 IF Y#10 THEN 2260 

2240 PRINT TA8(6)>- "lO^Yl 

2250 GOTO 2270 

2260 PRINT TAB<7)|1C»YJ 

2270 FOR X»l TO 10 

2230 IF NCY+l,X3«2 THEN 2320 

2290 NEXT X 

2300 PRINT TABC I3)J 

2310 GOTO 2330 

2320 PRINT TAB(13>>"*+"}TAB(13*X*4)|*X" 

2330 NEXT Y 

23AQ PRINT TA3<9)»"0 ♦♦♦ + 4' + >'0' + ++ + 4.-f + + + **^>+' 

2350 PRINT TA3<13)|"0 1 2 3 A 5 6 7 8 9 lO* 

2360 PRINT TA0C29i;*F0RCE (LOOPS)" f 

23 7 0 DATA "A" p " C EC CM/ SEC/SEC L. "i ""t 

2330 RESTORE 

2390 RETURN 

2^00 IF AS«"A«K»F" THEN 1160 

24C5 IF A5«*a»k»f" THEN 1160 

24il0 IF AS-^AaFK" THEN 1160 

24*15 IF Aia-aafK- THEN 1160 

2ii20 IF Ai«"A«KXF" THEN 1160 

24:25 IF AS»*a=:kxf THEN 1160 

2<^i30 IF AS»-AttFXK" THEN 1160 

2.135 IF AS«-aHfxk" THEN 1160 

2441Q IF ASo-AoF^K" THEN 1160 

2A45 IF A5»"aaf»k" iHEN U60 

2450 IF JL>1 THEN 253 0 

2460 LET L»L+l 

2470 rSAD *1,45 

£>46 0 FOR I-i TO 7 

2490 READ #1?AS 

2500 PRINT Ai 

2510 NEXT I ^ 

2520 GOTO 1110 

2530 PRINT "NO. THE iSQCJATION^ ISt A)=KF. IF YOU DON'T UNDERSTAND- 

2540 PRINT *VHY DlsCU^iS THIS WITH YOUR TEACHER AS SOON AS POSSIBLE. 

2550 PRINT "NOW^ HERE S THE QUESTION ONCE MORE. 

2560 GOTO 1110 

2570 1:F AS»" inverse^ ITHEN 2600 

2575 ilF AS-" inverse* T!*:^£N 2600 

2580 PRINT "YOUR ANSVn&^ MUST BE 'DIRECT* OR 'INVERSE*.:* SO, AGAIN 

2590 GOTO 67 0 

2600 READ #1,24 

2610 FOPr I-l TO 4 

2620 READ #1|AS 

2630 PRINT AS 

2640 NEXT X 

2650 GOTO 670 

2660 PRINT "THE EXPERIMENT MUST HAVE AT LEAST 2" 

2670 PRINT "BRICKS ON THE CART." 

2680 PRINT "SO, I'LL NEED ANOTHER NUMBER.* 

2^10 GOTO 170 
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2720 PRINT "YOU'LL FIND THAT THE CART WILL BE VERY SLOW AND HARD TO HANDLE* 

2730 PRINT "WITH MORE THAN 10 BRICKS ON IT* DON'T USE MORE THAN 10 BRICKS. * 

2740 PRINT "SO, AGAIN 

2750 GOTO 170 

2760 PRXNT "THIS PROGRAM IS THE SECOND IN A SERIES. SINCE THE CONCEPTS^ 

2770 PRINT "DEVELOPED ARE SEQUENTIAL YOU SHOULD BEGIN BY VIEWi:J6 THE FILM" 

2780 PRINT "LOOP 'FORCE & MOTION l'» THEN RUN FORCEA. " 

«790 GOTO 2880 

230 0 IF Le^O THEN 2863 

28 10 LET LwL+l 

2o20 PRINT "YOU SHOULD KNOW THE CORRECT ANSWER TO THIS QUESTION IF YOU'VE" 

2^J30 PRINT "BEEN THROUGH 'FORCEA'. I'LL GIVE YOU ONE MORE CHANCE TO" 

28 AO PRINT "TYPE IT PROPERLY." 

2830 GOTO 100 

2860 PRINT "RUN 'FORCEA' BEFORE CONTINUING." 

2870 GOTO 2830 

2880 PRINT "TO SIGN OFF THE TERMINAL TYPE 'BYE' AND PRESS THE RETURN KEY* 

2890 END 
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WHAT FILE IS TO BE LISTED? 

?lunf2 

STARTING RECORD NUMBER? 
71 
1 

AS YOU OBSERVED IN THE FILM, WE CAN VARY THE FORCE WE APPLY 
2 

BY USING DIFFERENT NUMBERS OF RUBBER LOOPS STRETCHED A CON- 
3 

STANT LENGTH; I SUGGEST 60 CM FOR ALL LOOPS IN THIS EXPERIMENT 
4 

YOU SPECIFY THE FORCE YOU'LL APPLY IN EACH TRIAL AND 
5 

MAKE THE SIMULATED RUN. THEN I'LL DETERMINE ACCELERATION 
6 

FROM THE TICKER TAPE AND PLOT A GRAPH OF ACCELERATION V. 
7 

FORCE WHEN WE HAVE ENOUGH DATA. 
8 

RIGHT! IN FACT, THERE APPEARS TO BE A LINEAR RELATIONSHIP 
9 

BETWEEN FORCE AND ACCELERATION IF WE OVERLOOK THE IRREGULARITIES 
10 

PROBABLY CAUSED BY EXPERIMENTAL ERROR. 
11 

NOTE THAT THE GRAPH DOES NOT PASS THROUGH THE ORIGIN. 
12 

APPARENTLY THE CART DOES NOT ACCELERATE WHEW WE APPLY A 
13 

SMALL POSITIVE FORCE. WHAT COULD CAUSE THIS? 
14 

COULD IT BE FRICTION? 
15 

FINE! THE FORCE OF FRICTION IS REPRESENTED BY THE INTERCEPT 
16 

OF THE GRAP WITH THE FORCE AXIS. 
17 

HAD WE USED A CART WITH GREATER FRICTION THAN IN OUR EXPERIMENT 
18 

WOULD THiS INTERCEPT BE TO THE RIGHT OR LEFT OF ITS 
19 

PRESENT LOCATION? <TYPE 'RIGHT' OR 'LEFT') 
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20 

CORRECTl NEXT, I'M GOING TO TAKE THE DATA WE COLLECTED AND PLOT 
21 

THE RESULTANT FORCE ACTING ON THE CART, INSTEAD OF THE 
22 

FORCE YOU APPLIED IN EACH RUN. (THE RESULTANT OR NET FORCE 
23 

IS THE FORCE YOU APPLIED MINUS THE FORCE OF FRICTION.) 
24 

AS WE OBSERV.TiD IN THE .LaST EXPERIMENT, MASS HAS AN INVERSE 
25 

RELATIONSHIP TO ACCELERATION WHEN A CONSTANT FORCE IS 
26 

APPLIED. IN THE NEXT EXPERIMENT WE'LL CONDUCT A QUANTITATIVE 

27 • 
STUDY OF THIS RELATIONSHIP, 



TO SUMMARIZE, WE CAN SEE FROM OUT DATA THAT ACCELERATION IS 
29 

DIRECTLY PROPORTIONAL TO THE liET FORCE WHEN THE MASS REMAINS 
30 

CONSTANT. THE EQUATION FOR THE RELATIONSHIP IS: A^KF. I 
31 

SHOULD EMPHASIZE THAT F REPRESENTS THE NET OR RESULTANT 
32 

force; IT is THE VECTOR SUM OF ALL FORCES ACTING ON THE 
33 

OBJECT. NOW, TRY THIS PROBLEM: 
34 

CORRECT! 
35 

YOU HAVE NOW COMPLETED THIS SIMULATED EXPERIMENT. PERHAPS 
36 

YOU WILL BE ABLE TO PURSUE THE INVESTIGATION FURTHER AT 
37 

HOME OR IN YOUR LAB, 
30 

AFTER YOU'VE SIGNED OFF THE TERMINAL, ROLL OUT SEVERAL 
39 

INCHES OF PAPER. ON IT LIST THE SOURCES OF EXPERIMENTAL 
40 

ERROR AS YOU ENVISION THEM AND STATE THE MAJOR CONCLUSIONS 
41 

YOU CAN DRAW FROM THE EXPERIMENT. INCLUDE THIS PAPER IN 
42 

YOUR PHYSICS NOTEBOOK. 
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43 

AS SOON AS YOU HAVE THE OPPORTUNITY VIEW THE NEXT FILM 

LOOP 'FORCE & MOTION III', THEN RUN 'FORCEC. 
45 

UROHG, THE GRAPH CAN BE REPRESENTED BY A STRAIGHT LINE 

PASSING THROUGH THE ORIGIN. FROM YOUrt ViORK IN ALGEBRA 
47 

YOU KNOW THE EQUATION FOR ' STRAIGHT LiMEt Y=»^]X^D. <H 
48 

IS THE SLOPE AND B THE X-INTERCEPT. > IN THIS CASE, WE'RE 
49 

USING 'A' TO REPRESENT ACGELERATION ON THE VERTICAL AXIS 
50 

AND 'F' FOR THE FORCE ON THE HORIZONTAL AXIS. THE FORCE 
51 

INTERCEPT IS 0. TRY THE QUESTION AGAIN. 
52 



52 RECORDS IM FILE lun/'a 
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<:ec 

FILES LUriF3 

DIH fl?C 62 3 .-riC 13.103 ..Oi: 13 ..103 
r-UiT H=2ER 
HhF 0=ZER 

r-'--IMT -unLLD f:i?-|in. IM THIS THIFI' r; .v-:":' O- TS-'G IiEP-IPS iJILL TTUBV HOI-.l 

p!-:i:iT "co;;sTA:iT f-o;;c!: Acci:i.ti^'MT.s Dii"F;:p.;.;;T i;AS3LS. liAvi-: ycu co;'/L[:ted ^PORciii'" 

iriPiJT Frl; 

IF Frf:=-Y^S" JHB\ 110 
IF RSt:"YEs" THr-:H £?10 

F'.'-'INT "IN TR:- first FXPERtMEriT HF TfHS SEPIFS ME DBSEPVEL THFiT CONSTRiiT" 
PPIMT "FORCES OVJ^E H VDl'r TG Ur^DEr bO R CD-iSTH. "^T hCCELEr-MT IC: i . Hi THE " 

pp'iriT "Li-'?T Ey''^P!r--r;'T I-''-. '■•■-Lri f! ;•: r-Mss cc'isthmt rr^D □i.-.EEf'VEri '..li-Tn Kirir c 
pp/riT '• pelmt rL]N.:HiP d^ti/ec.^ pccele: ririCii RfiD force?" 
let l=o 

iriPUT Fl'D 

IF ri.!.= "DIRECT" THEN £'10 

IF rf.-;=^"r.rr.'ircT" THEM £10 

IF m^"Lltichy" TI-IEH E'lO 

IF R:;.^.'-i.iNt£;Rp" THEri c'?30 
r- ERTi " I . 1 
FOR 1=1 TO 5 
ivERUi 1 ;R'I: 

pp-r^iT m 

ti~XT I 

PPIiiT "TYPE rELOl...! THE hfluUf^T GF S TP ETCH IN CM YCU WILL RPPLY rMJRIh'3 THE" 
P'-'I'IT "RUHS THRnOGfiaUT THIS E.VPER IMEHT . " 
If ;PUT E 

iF B<^:;0 THEM c'6iiO 
IF r:>10i:i THEH E670 
PERD a 1 
FCiR I^-^l TO 9 
PERD 1 jR.'S 

RpiHT m. 

FfJ'- L--:l TO 12 

PPIIIT "l-ICM MRHY BRICKS RRE YOU USiri'? FOR R LORD Iti THIS RUN?" 
IH^-IJT C 

IF C< 1 THEM E*5.'50 

IF CMO THEN £'600 

LET H--<- 1." < l >o.'5 

LflT R- I NT <--\ 0 >]:• ••■'■!> . E- >.-' I 0 

IF R>.:'.4 fHEfJ 45 0 

LET NCR.-c-M ,Cl=l 

IF .'ziri -H; !£• THEN 470 

LET OC SOxR+l .C ]-l 

PRINT "FOR YOUR TOTRL f'lRSS OF-JC-M;" FRICKS- THE RCCELERRT I Dtr* 
RI'-INT "I.IhS : " ?R 5 " CN-'-SEC- SEC . C I fi- " : HITv I OuO- R;' - 1 000 : " ]" 

f" '■ THEN ?.''0 

If YaU'Ti LIKE rO NRI E RHGTHER RUfl TYPE ' RUtL' j IF YOU' D LIKE ME TO" 

ERIC 
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?.10 PRINT "GPliPH R VEPSU:? M TYPE 'PLOT'." 

::>.:0 INPUT P!: 

530 IF R4-"Tl.aT'" THEN 580 - 

••.•.4 0 !F R-I;--"F'-.aT" THEN 530 

'•50 IF R-4;="r:iJN"' THCN 570 

'56 0 IF fi's:ii"f^'JH" THEN 152 0 

570 NEXT L 

■:.!30 PPIMT 

vT'O GnSUB £030 

oOO c-piHT "STUDY THE GPRPH. ChPEFULLV . CRN YOU OBSERVE RNY PE6ULRPITIES? " 

•-.10 INPUT fi'l 

..-.50 IF R:t;='"YtS" THEN 640 

|J.30 IF ma" res" THEN 154 0 

v.4':i PRINT •'WHRT KIHH CF PELfiT IQNSH I P EXOSTS BETWEEN RCCELERRTinN RND NRSS 

(DIRl^CT" 

.1^50 PRINT "OP INVERSE??" 

•■6 0 INPUT h:5 

-:.?0 IF R:5=" INVERSE" THEN bVO 

'.-•80 IF R':>"" iN'.'SRStv" THEN 2450 

•- f'O '^'ERI' "I ' 15 

-GO FOR I"l TO 10 

"10 PETiri "1 ?R'£ 

^-•0 PRINT fi:f. 

730 riExr I 

, -!0 NRT H--=a 

"GO LET L=l 

GOJUI: £030 

"'70 Fi-?!NT "RHR? '-.'PkY I NTGr'EST I NG . *' 

r3>: PPlrn" "KUi: ,>■(;•;-!--.! rOES Nm::.£ the PELHTIDNSiirP r^GRE UBVIGU:. DO VOU SEE l..f 

.'VO PRINT "I HERN?" 

-:0 0 IN;-'UT RS 

3.!.0 LET L=0 

8.-'0 PRINT "THE LINEFiP GFrl^'H INDICRTES R lURECT PELRTICNSHIP BETWEECI THt-. TI.IO" 

;r::;i' PRINT " Vnr'iHl-LES I-IE-VE PLOTTED. " 

• FkiMT ' i-IRri-E Rrl ERJJ.HTIGii TO FIT THIS GPfir-'H . Dr.l NOT POTHER TO CCiLCULnTE 7 

:■:■(> f-PINT "SL'j.- E ; I NS:T ER V PEP.'- II£ EfNT THE SLOPE KHJH THE CCffi-TRtlT -R- . " 

: r R f N f " FE>:. I N THE ERUh I L'f l : 1 -R^- ..." 

:3 7 0 INPUT R:f; 

0 IF Rl:-" l - R=KN" THEN 104 0 

3 jO if R:T-:" l.-- t4=KM" THEN 104 0 

'•'0 0 IF R-i"" i ■'■■R=f- *!r" THEr^ 104 0 

I 0 I F (-) r " 1 . • ,=i=K*n " THEM 1 04 0 

•;'.;^o IF r;.-"i.-r=:k:::n" then 1040 

• - M I F R:c. " 1 yfi^Ky N " THEN 1 O-t 0 
.-'■'.0 IF R-;.--" l.-fi=K>;M" THEN 10 )0 
•.;50 IF Hi"" Ix R-=K.vM" THEN 1040 
?.'.0 IF R-;.-" 1.' R=Hm: " THEN 1040 
■-.'7 0 IF R*- " 1- h~mk" THEN 1040 
•:-?0 IF Ri--="1'R-HV:'K" THEN 104 0 

IF R:f.^" 1 ■ R=M>k." THEN 104 0 
tOOO IF H-i.= " l.- ft=HX> " THEN 104 0 
! 0 10 IF m-" 1 .'••fl=MvV: " THEri 1 04 0 
.". 0 I F R5 " •• I ./-fl-M^K " Ti IEr< 1 04 0 
1030 IF Ri.JS"l/R=H>|< " THEri £310 
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104 0 LET L=0 

1 U'Ki PERD «i f 25 

tO'".n FGP 1 = 1 TO 3 

1 OOO PPIMT fl:S 

lO-r-O HEXT I 

1100 LET E=4*B'75 

1110 PPIHT "MfiiS OF POCK HMD CfiRT 'iTO THE MEftPEST 1 OTH EPICK>?" 

J l.?0 LET L = 0 

1130 IMPUr D 

1140 LET F--=IHTai+.5> 

1150 IF FJ.'IHT're+ .5:' THEN 1570 

11':.0 PPINT ••nK? THE Hfl.:;;:: OF ROCK hHD ChRT IS BRICKS." 

ii:*n pp I rrr "WHar is the mrss of the pgck rlqhe?" 

IIG-O LET L=0 

1 I'r'O IfiplJT F 

tc'OO IF F=D-1 THEN Ic'^O 

ic:io IF niT''F+.5:'^tirrr<E-.5> then leso 

l.i-j;-0 PEFiD ,33 

l.-:30 FOP r = l TO 6 

.1 0 PERD "1 jflB 

ic-i".o PP If ir Rj. 

i..?i:.o fiE;=:T I 

J.:: 70 LET L-O 

lJ:;"r:0 PPIHT "HOM TPY THIS PROBLEM : " 

i,:;vo pPitiT -ft CflP (-.0:7 ft hr: •rr:!JM RCCELEP'-'iTinN cf s n.-sec-'-sec . if the crp tgiis" 

! .-:00 PPfMr -nfiilTHr-::-' crp ll;- lUufi TICRL I'l;''-:::: fl.MD Dh'SIChj l.tHRT i.Kl.L T;E r^iF MRvaMUM' 

•/!.!• ppiriT •■RCCEL. Hi M■■::Ec.■.:EC?■•" 
' ■.•0 I'NPMT ri 
1 ? '.''I IF .0;:4 THEH 180 0 

! i.4 0 PPINT ••CGlJD! hnU} HEPC'S RHOTHEP Pr-'CJELEM : " 

1 .^liO PPirir ••Mii.i V R RCCELEK fllES RT GO F T ■ S EC'-iEC RND MRS'^ B RCCELEPRIT-'S RT" 

:-:.0 P-Plfvf -PO FT.--.SEC -SEC 'i'MEM IIiEriTICRL FORCES RPE RPPLIED." 

I ::70 PPirir "MHRT is the PRTIH: MRSS R.- t:RSS E?'- 

l.:-;;0 INPUT n:l; 

1 r:-0 IF H'T. --" THEM 14£0 

t.;iiO IF H';^-" 1.--4" THEM 14E'0 

1 4 1 0 I F f\\ ^: '• 1 : 4 " THEM 191 0 

J4.-:0 PPINT •'CnPPECT!" 

14 -;!:- PPIMI "VTJU Hh'./j; HOM Ca/:i''LETEl! THIS SIMULRTEB EXPE:?' If .;.:riT . PEP.Hf.PS VCIU MILL 
BE" 

14MJ PPIMT "RBLE TO PHPGIJE rHE IMVES 1' f CRT lOfi PR:"' r;;EP RT I'TJ;-;'-: in lii VR'.iP i-Re. ■' 

l4-r10 PPirir "RFTEP VOiJ ■ VE S f G.-:Eri OFF TH:- rEPM ITi: 11.. Pr:LL OUT .lEVEPl'.L ErlTPR irtCHES 

or" 

)■!'■.!' PPIMT ■•PRI-E.'"', on IT LISr THE UVU^ri-s OF FS:;- .'■;■( r'.EfH'h' PTE.';'' H;.: Mjij Er^VIST^• 

»-PrMi -trfm Rrii.r vTRr-E iH!- (ih.m.i!-' n'i .(.lusiuh-- cp.r-f nrfiM FPf::M riif: 

14;.:!i PPINT •• IMCLHOE THIS PRPFR IN VOI.IP Pf-^VSICS HTJ T ETCDi" . " 

) pPirn -m ':uut{ rs vcim hrve the GPPiir-TUMirv vir.u! the ttEXT FiLi-f loop -fopce 

I'r.oo ppifff "rtoTinM I'v" Run p'..'m ■ forceii'' . " 

1 1 I I GO ro c;;-::':: 0 

O-.^0 PPffU "VaU DIDN'T TYPE ''PLOT'' OR 'pljf<'. RGRIN, l-.iHICH SHDULIt ME .IiQ?" 

:'y:;i! GOTO ':,C-:(j 

.5-;0 PPINT "LOOf^ AT ;HE RPR^TI RRRIN. THE PLOTTED POiriTS SliC-Vi THRT R? MRSS 

tj\L^ BEST COPY AVAILABLE 
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1550 PPltiT "flCCELBPriTION IiECREflSES; THE FLHT FnPMS R SMnnTH CURVE." 

156 0 GOTO 64 0 

157 0 IF L>1 THEN 164 0 
15:30 LET L=L+l 

15T'0 PPIMT "StlPF^Y, YOU" PE IjlROHG . liN ERSY WhiY TD nETERrilME THE TDTrc MriSS I: 
GO" 

1600 PPINT "IiRCK TO THE FIPST GPFsPH OF R V. N RND PERD THE mst DIPECTI.V Ff 

1610 PPINT "THE GPhPH FOR FiN RCCELEPRT I DM OF 15 . OCf'!- -iEC- SEC . Riiii.iER THc 
gUESTION" 

16c'0 PPIMT "RGRir-l." 

1630 GOTO 1130 

164 0 5=-PIMT "MRCrfG RGRIH. THE RHSf.tER 1:1: :".:e;" CRICKS'. IF YOU DQN-'T UHIi'IRiTl 

1650 PRINT ■■DISCUSS THIS WITH YDUi-: TERCHE,'? Hi SODH fiS POSSIBLE. f1D<ii MHRT I: 
MASS" 

166 0 PRINT "OF THE ROCK ALONE? " 

16rO GOTO 119 0 

16x0 . IF L>1 THEN 1760 

16?0 LET L=L+1 

17 00 PERU "1 '53 

1710 FQR 1=1 TD 5 

17E:0 PERU "1 ,iR't 

17:30 PPINT R* 

1?'»0 NEXT I 

175 0 GOTO 1190 

1760 PPINT "NO. THE MRSS OF THE RICK IS:"E-1!" BI='ICl-:S . YOU MEirr h "-S I STRu'CE 

1770 PPINT •■ INTERPRET I HG TH'-: GPriPM . 

ITG-O PPINT "CONSULT MITH YDUP TERCHEP r:EFDPF CDNTlNUIflG THIS PPGGPRN." 

17V0 GOTO £33 0 

■300 IF L::=1 THlSN 1S50 

;310 LET L=L+1 

i3.iO PPIfiT "INCORRECT. PEHENi-:EP !• RCCEL . IS INVERSELY PPCPORTIONriL TO N^'iSS. 

ivacE" 

1330 PRINT "THE MRSS IS PRESENT Ui THE 3N.D RCCELEPRT I ON . Rl iSMET.' THE ClUcSFIl 

AGAIN." 

1310 GOTO 1330 

35 0 PEPiS "1 >53 

136 0 FOP 1=1 TD 4 

1370 PERD "1 ffvi 

1330 PR If a m 

1330 NEXT I 

13UM GOTO 1350 

1310 IF L;:3 then £0 0 0 

133 U LET L=L+1 

1 r'30 PERD "I .«6S 

i:-10 FCi-: 1 = 1 TD £ 

1 ."'5 0 PERD ^mm ■ 

i?-. 0 PRINT R:f 

:':'7 0 NEXT I 

133 0 PPINT "TRY THE QUESTION RGRIN." 

1330 GOTO 137 0 

300fi PRINT "THE RCCELEP.-iT ION RRTIO IS THE iriv'ERSE OF THE HRSS PRTIO OP 1.'4 

jOlO PRINT "YOU tiEEO FURTHER RSSCSrHNCE IN Urir.EPSTRrf'jIifG THIS CCNCtlPT." 

30iO GOTO 17S0 

:.U.';0 FOR Y=l£ TO 1 STEP -1 

30411 PERU Ri 

ii-^'O PRiriT r:b: 

ErIc" best copy available 
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c'060 IF Y^2J>lr(T<'V.''2> THf-M 2170 

.?Oro IF L=l THEM c'lOO 

JrOytj PPXHT THB<. r > H^^Y ; 

cOvO GUTD 2170 

c'lOu IF a*y~ii: THEN dl4 0 ■ 

ell'' IF 2*Y==4 TH£H £16 0 

c' 1 I'l PR I NT TRB ( 6 > ; ■' . •• £' ♦ Y ; 

£l i:if GOTO 2170 

c 1 4 1) PP INT TRP c: *S > ; " . 0:3 " j 

£150 bOTD £170 

ci>:.':i . PRINT TnE<:6>;" . 04".; 

:?irn FDP K=i ro 10 

c'lSii IF hCY+l.X3=l THEN £2£0 

.r'lT'i' NEXT X 

11 0 PP I NT rm 1 3 ; " + •• 

1 i.i GOTO S2'3 0 

.•:'.?£0 PP INT TR F; 1 3 > J " + " ; T ;hB (. 1 3+ (. X+ 1 ♦4 > ; " X " 

c\r;.":i:i NEXT Y 

.::.54m print " 0 + + + + + + + + + + + + + + + + + + + + + + +■ 

0 PRINT Tfl 1 3> ; •' 0 15 3 4 6 7 S '? 10 11" 

.:;c'i::.M PRINT TFlB':£7> r'TGTRL MHii: •.: BR ICKS > " 

."irj?!;; PRINT 

2 DhTh "fi" .t "C " 5 "C" .1 "E " > "L" J ''EfJlM - SEC ■ :SEC > " j "P" • "H" <■ " T " j " I " y "□ " j "N" 

0 DRTfi •■ " J •"' !. " ■• J •' •• , ■' '• J •' " ,■' I ..- H ■■ !. " " ? " " ■■ '• J ■• ■• J " " . " " .t " ■■ 

c;:0<:' RETURN 

>-::10 IF L>1 THEN £390 

0 LET L---L+1 

•. ::3!' "^Yli:! ::1 ,43 

3 54M FDR T-=l fO 6 
.:7:':iO - EHn I JiTi. 
.. ::60 PRINT PI'S 
..•.iro liEX'T I 

GOTO 840 

, ■ ;.:•<!( (.-Efln ,-59 

,•4 0 0 FOR I---1 TO 4 

1 0 PEfdi a I ;n::- 

.•M20 pPUIT h:. 

«S0 ifEXT I 

1411 GOTO 34 0 

P.iSM IF fl?.= "JHRCCT" THEN £490 

..-■iGO [F P(i= " dip'-ct" THEiN £490 

,-;470 PR(NT ' VIJUP flNSMER MUST BE 'niPECT- DP 'INVERSE''. 50 j RGHiri — " 

.Mt'i GOTO G40 

,^f..i( h"E»'lI.i I »39 

,V :;u'i FOP I--1 TO 4 

".•'>l I'l PEhD j;l ;H f. 

•j ri PPINT HJ. 

:"j3ii uE;^;r i 

-"..-•,11 GOTO 64 0 

^•'.•■•| ^•■PTNT •",IJU MILL rillO fHmT IF YOU'^-' Cr-;;-'! HF': NO ?^:PirK-;; ON IT R.Mij YCU RFFI.Y 

V~G-' PPIf<T "FGRCf:" nF";R;" CM VflE rf'Ol i,IJLl ThKE Or-F £0 FGST VUU i.iGN'r BE Hi-LE 
TO" 

;-.".rO PRINT "hPPLY a COri-.TRNT FORCE. I SUGGEST fiT LEfi'T 1 BRICK FOR R LOhD." 

II PRINT "SU' RGRIN --" 

••'".90 i:;0Tn 370 

•■ O fRlUT "MITH HOPE THCf.N 10 BI^'ICKS THE CPRT IS VEP'Y SLUO; FiND HRRD TO HRNPLE. 

§^J£ BEST copy AV/'.!Lf,cLi. 
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Lt'tlO PPIfiT "DDN'T USE HOPE THFiN 10 KPICKS. SO j flGf^IN — " 

c't.c'O i30Tn 49 0 

c'6.30 PPINT "THE UHSTPETCHEH PUBhEP LGDP IS BLMGST 50 CM LONG UlHEh WE STPETCf 
TtllS" 

.?640 PPINT "LOOP LESS THm 50CM ME-'PE NOT RpPLYir<G R SIGNIFIChMT FDkCE TO TH 

i.e.50 PPIMT '■CRRT. SO? flGHlH — " 

r:660 GOTO £6 0 

.1670 PRINT "ME'PE STPETCHINb THE LODP WITH fl METEP STICK MHICH IS MKiCh LONi: 
YOU" 

^•c.:50 PPIrlT "CfiM'T flPPLV R CQNSTRHT FORCE RCCURRTELY IF THE STRETCH EXCEEDS" 

:-. 6'? 0 FP IDT "1 ij oc r-t . sn > rcr i h — ■■ 

.-7 00 .GOTO cL-.O 

2710 PPINT •■ THIS PRGGPRM IS THIRD Iff H CEPI^S. SltiSE THE CDiiCFPrS DEV ELCPEI 

.7c'U PRINT "hPE SEQUErfTIRI. YOU iHQlJLTi m:Glt\ Bi VIEl'UrG THE ^■^LN LliGP •rG-'-Ci: 

-.7S0 PR [NT "MOTICIN f RND THEN PUN FORCER '■. " 

ST'lCi GOTO c8S0 

.-.•7?n IF L"0 THEN E'3iO 

:-7t.ri LEV L=L+1 

•■ ;-7>r, r-F-'T!iT ■■■i'ni' r'rll'l Ti KNU'l Tl-i: CCPPTCT RNil.irP TD THI:'' OUETTIPN" IF VDU-V?:' rFl 

.-;7:.':0 PRINT " TH-'GUGH FOPCEB. I-LL GIVE 'r'DU Gfih liGf'E CHru-iilE TO TYPE IT" 

r-:' 'j P!- 1 N T ■■ PPOi- }": ; LY . " 

.-•POij GOTD 160 

10 r-VKiJ "PUN THE PPGGPRN ' FOPCEB'' EEFGRE CrjNTINUING . " 

^'■i'io Gtrra e-sso 

.= y3n Pi-:lt<T "TO SIGN OFF THE TEPHiru-iL TYPE 'BYE- RND PRESS THE RETURN KEY." 

,;w4::i END 
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•lunf3 
1 

-••[GHT. fin'.i TO IT'JDV I ii.ii.'.i fit ct'LETrriT iOi< v-ime: MHF.ri TH*/ nr:.!;.-'.'! 
i:i"iz:: i: rnnMririri i.'h- ll try to riOLi! hll DTMr"!'- '-'hp inrLtr nnn- 

"j 

ThMT, y^\^ iJ. rVr'PLY TMF •::Hrib FO-rE TO THE ChPT IH HLL PUH:. B'i 
? '-i:PIt<G Ul'"^ LOGP (Ih Pi.lPEEP STP^TCHEIt CDtvITMJ^a LENGTH, '"ME 

cr 

OV\ ITPETCH OUR LOOP BETUEflM 5 0 Rh'Ii lOOCM.;' 



ME CAN VFiPV THE CRPT S MhSS BV USU^b DIFFEPEriT NUMBEFS OF 

r 

lDEf<TICRI.- tKlCKS FOR h LOnii . THE MRSS OF THE E.'tpTV CRPT 

:-iE-'LL UiE HhS BEEH H^iJU^TEH TO EG'UhL THE MHii DF ONE BPICK. 
•71 

'. i JU "PEC I FY THr= NUMBEP OF BPICKS YOU LL UIE FOR H LDRD IH 

EnCH Jl':lf>\.. r-mn MP^F the SIMiJCHTEB PI 'N. TMEfl I ' LL DETEPMir'c 
I ! 

liCCELEPHl iriiM FPON THE TICKER TFiPE HftD PLOT rt ERhFH OF 
IE- 

fiCCELEPHT IIjM V. . PEflEM.'^'.R THE HlilS YDU PE HCCELEPrtT If! 

13 

12 Or<F BPICK LfiPGEf^ THHH THE i. CRD 'rOU G FECI FY -SI MCE THE ChPT 
14 

Hi I": h r-n-riS OF 1 BRICK. 

right; HI: THE ChPT'.S MFI":.S GET::. LhPGER THE hCCELEPHTIDN GETS 

HhLLEP UnijER THE I rii'LUEHCE DF H CGNiTRrtT FORCE. 
I? 

HUP flE;-;T THvK IS TO FIND PH hlGEBPmIC EI^PPESi ICH FDR THE 
IS 

r'l.LHTiorJii IIP BErM::-!-:M nr celef,-itich hhd hrss. r srun'r' of riOR 
1? 

'..PRPH ZUOi.'ESTS THRT IT fllGHT J-.:E R i:"T POi.iEr-- Ifr/EPSE FcLRilO:! 
.-: 0 

flip. THdT iv: /i.CEl-. I- DIRECTLY PPuRCPTIIJ.'.RL TO 1-Mm>IS« 
El 

OP MRSS i:. DIRECTLY POPPDRT I/JI'IRL TO 1 RCCELEPRTIGff. TO CHEC 

OUT THIS PPCDICTIflfl I MILL PLOT R riEt.l Gi-'RPH DP ! R '■/ERiUS 

HRiS FOR GRCH OF HUP PIRLS USIHG THE DhTR i.l£ COLLECTED. 
^4 
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I'-IGHT! THERE IS Ft DIPtCT PELFiT IDi ^ SH I P BETl^EEH l.-R fulU t'iiiZZ; 

CDULIi OF CDUP.:.E i:E PEr-LFiCE"D EV THE f JUMhF ICi-iL VFilJJE FDP THE 
.:;I.DPE OF THE Lir^E. 



(HERE IS M PPOI^iLEM FDR VDU TO TPV UZlliG VD^JP GRh.'-H HMD THE 
£9 

■• IMULFlTEri hPPFr.vfiTUS : H ROCK OF IJr^Kh'tJ^.!N MhSS IS PLRCEn ON OUf 
■3 'J 

UriLDFUiED CFiPT. YOU MRkE ft RUI-I MITH IT ^^PPLVI^^l5 THE ShHE FOP': 
31 

fiS VOL! mil IH THE OTHER PUHS . MV HfiRl.Vir: OF THE THPS iriljl- 
CflTES firi Hr:i::ELERFiTIOf< CP 1 5 . OCfi- SEC-SEC . UHhT IS THE TOTliL 



i50nD! THIS TS ONE METHni' WHICH CRM BE USED TC DETEPH I HP THE 
■34 

iriERTIfiL MhSS dp HM OBJECT. 



TO SHMMfiRIZEj WE CRN SEE FROM THE bPfiPHS OF DUP DRTh THmT 
THE RCCELERf-iTIOri OF H\i OBJECT IS INVERSELY PPOPOP T I OriRL TO 
ITS INERT I RL HRSS HHEH R CDHSTPri r FORCE IS RPPLIED. RHD 
THE EeURTIGH VOU HPOrE FOR ' THE PELRTIOriSHIP IS: 1..-R-KM. 



l...iPDf<b . HHEH a VRRIRBLES PRE rURECTLV RELRTED ? ONE IHCRERSES 
4 0 

hS THE OTHER IHCRERSES. LOOK RT YOUR 6RRPH RGRIH, IT SHOMS 
41 

THAT THE RCCELERRTIOri EECRME SMRLLER flS THE MhSS IHCRERSEB. 
4 c- 

THIS MERliS THRT THE VRPIRBLES RPE INVERSELY REL-'lTED. SO 
43 

MROMG. THE GRRPH CRH BE REPPESEiTrED BY R STRRIGHT LIME PRSS- 
44 

IHG THRDHGH TliE DPIGIM. FROM yClUf UpPK If- RLGEl-RR YOLI {-fim 
45 

THE EOUFlTION FOR fl STRRIGHT LIME. ('V=M::-PF; HHEPE H IS THE 
46 

•JLOPE RHD B THE X- INTERCEPT . > In' THIS CRSE WE'RE PLDTTIhG 1- 
4? 

Dfl THE VERTICRL RXIS HHf.i MRSS OH T HF ! :[/■ ^ Jpn Ti'iL R' ' I . THE 
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•15: 

IIHIS iriTERCEPT IS 0. TRY THE OUF"TION FiGflin. 
49 

tm. Tilt EUlURTIDM SHDULU BE EICPi-ESSEH Ff 2 : l-H^KM. IF VDU 
50 

nnN'T UMIiEPSTRr<ri why nriCUSS this I.HTf^ you TEhCHEP flS 
SDDH fiS PnSSIELE. HCW HEPE' S THE QUESTIDh" DNCE MCPE . TYPE 

cr--. 
.'C 

IH THE EQUmTIOH I-VE STflTEB. 
5.3 

HQ, YDU RF (...IPOHG. PENfrKPEP TH^^T ME hCCELEPFiTEU THE PGCK AND 
54 

THE CftPT Fit in WE HOVE PLnTTED THE TOTAL MFtSS . TO FIND THE 
55 

DhSS of the PQCK ^IE »>1IJST SUBTRfiCT THE CHRT'S HfiSS CI BPICK> 
56 

Fp5h THE TOTRL i-!RSS DETEPi'lMED W THE LRST QUE-iTION. 

r 

TRY THE QUEST I OH Hi5RIH. 

53 . 

I'IPDHG. WITH TWICE THE MhSS THE CUrii:THr^T FORCE CRUSES 
5? 

THE OP IG I NHL HCCELEPRTIOri OR -IM- SEC • SEC . IF YOU DDH-T 
b 0 

UHDEPSThHD discuss THIS WITH YQUP. FERCHEP RS SDOH RS 
61 

POSSIBLE. HGW HEPE-S RhDTHEP PROBLEM. 
62 

no. THE PROFLEH RSKS FOR THE RRTID OF NRSS R.- flRSS B . THIS IS 
63 

EC'UIVf lLEHT TO RlCEL . B.-hCCEL .R DUE TO THE INVERSE PELRT lONSHIP . 
64 
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list 
FORCED 

10 FILES LUNF4 

20 DIM ASC651 

30 READ /?! , 1 

40 FOR I«il TO 4 . 

50 RcAO ^i;as 

60 PRINT A5 

70 UZKT I 

80 ItJPUT AS 

90 IF AIs"ycs* THEN 110 

100 IF A3^"YES" THSN 2370 

110 READ ^1,5 

120 FOR 1=«1 TO 6 

130 RCAD fil;M 

i/:o pnirjT AS 

150 NEXT I 

160 LET LaO 

170 IIJPUT AS 

ICO IF ASa* Invorse" THEM SOO 

190 IF A^<»" INVERSE' THEW 2930 

2G0 READ #! , n 

210 FOR 1=1 TO 12 

220 READ 

230 PRINT A$ 

240 NEXT 1 

250 PRINT 'I'VE JUST TYPED A LOT OF INFORMATIOM HERE. READ IT CAREFULLY AND TYPE" 

260 PRINT •'GO' WHEN YOU WANT MS TO COWriNUE." 
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270 INPUT A$ 

200 IK AS=»*GO- THEM 330 

290 IF A:.»-ao* TKEfJ 330 

300 pnun 'YOU diixj't type 'go'* i can't continue until you do** 

310 print Type 'go' and ue'll continue* * 

3nO GOTO 270 

330 PRINT -IN THE EQUATION K IS A CONSTANT OF PROPORTIONALITY AND ITS" 

340 PJUNT "NUMERICAL VALUE DEPErjDS UPON THE UNITS USED TO MEASURE FORCE," 

350 READ rl,23 

360 FOR 1^1 TO 18 ' . 

37 0 READ <3»l }AS 

3e0 PK^.NT AS 

390 NEX:? I 

/iOO LET L=0 

/:iO PRHJT "WHAT IS THE NET FORCE (IN NEWTONS> ACTING ON THE SPACESHIP?" 

/if!0 IN'PUT A3 

/i3 0 IF a:.^:>* 120 0* then ^50 

/;/iO IF Avf* ! t'rCOO" TUFM 1660 

AOO PRiirr -co:^nsc'ri now here's a slight variation of the same prohlemi" 

/i60 PRJ?;T ^JOKG ASTr;OtJAUT IN F-OUILIDRIUM OUTIilDE HIS SPACESHIP RECEIVES A* 

^.70 print "/iON FORCE FROM A PROPyizSION JET ATTACHED TO HIM." 

/iOO LCT L«0 

/iOO pv:ii:r "uhat accel. <in m/s£C/sec5 does he experience?* 

500 INPUT AS 

bio IF Ai.:^"»5" THEN 530 

SaO IF A£,.i"l/2' THEN IS20 

!;3 0 READ Olf^l 

540 FOR la I TO 2 

5:»0 READ #l|AS 

560 PRINT A3 

S70 NEXT I 

SCO PRINT "TRY THIS PROBLEM AGAIN WHICH INVOLVES NEGATIVE ACCELERATION: A 2000" 

590 READ /?I ,43 

600 FOR lt»i TO 4 

6 1 0 READ (? I ; AS 

620 PRIIJT AS 

63 0 NEXT I 

G'^O LET L^O 

6:>0 INPUT AS 

660 IF A!:a"/iOOO" THEN 700 

670 IF AS,^"4,0G0" THEN 700 

cao IF Ar,=--/i00O" tH/^n 700 

000 IF ASr;"-4, 0 00* THEIN 1880 

70 0 L17C L=>0 

710 RUAO i?l ,47 

72 0 f On In I TO 6 

73 0 R[:AD ffllM 

74 0. PRINT AS 

75 0 NEXT I 

VCO PRINT "UHAT IS THE FRICTIONAL FORCE ACTING ON THE STOVE IN N?" 

770 INPUT AS 

7(10 IF AS«"250" THEN 800 

790 IF A1J«?"-250* TJIEN 2000 

COO LET LaO 

CIO READ tfl,53 
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820 FOR Xol to 4 

83 0 READ )AS 

640 PRINT AS 

850 NEXT I 

O60 INPUT 0 

870 IF THEM 2100 

CGO READ filf^l 

690 FO:i I«l TO 4 

90 0 READ P!|A$ 

910 PRIMT AS 

920 MEXT I . 

930 PRIMT TA3(9);"10>'* 

9/1O PRIliT •V*;TAO(ll);''f* 

950 PRIIJT •£'*;TAB(I 0); "8+";TAD(27)J"X X X" 

960 PRINT "u";ta:'3(11);- + *;tadc23>;'x" 

970 PRINT "0";ta::<io);"6+ x";tabc37) ; ^x" 

900 PRINT "C (M/SEC) ♦ X" 

990 PRINT '•I";TA3<10);'*4X";TAD(39)J*X" 

1 000 PRINT ''T";TAo( 1 1 ); '•^'•;TADC41 );*x* 

lOiO PRINT -Y";TA!:J(10);''2 + *jTAn(/i3)>-X- 

IG20 PRINT TAECiDf ''•>";TA3C^l5)j''X" 

1 030 PRINT TAD(10);**0+ ^.♦ + * + ^.-f + + + ^.^ + + ^> + X^+* 

10/iO PRINT TADClDj-O 2 4 6 8 10 12 14 16 13 20* 

1 050 PRINT TA3(26); "TirJE (SEC)" 

1 0 60 LET L=tO 

10 70 ^EAO 0X961 

lOCO FOR 1=1 TO 2 

1090 READ «?i;AS 

MOO PRINT AS 

1110 NEXT I 

1!20 PRINT "1. THE NET FORCE ACTING ON THE OBJECT WAS 0 ATt (A) 0 SEC| <0)* 

1130 PRINT ''4SEC; (C) lOSEC; CD) 13SSC; (E) 16SEC; (F) NONE OF THE AOOVE* 

1140 irJPUT AS 

1150 IF AS^'C- THEN 1 1 70 

1 160 IF AG^'C- THEN 2260 

1 170 READ ^ I >64 

IICO VOW 1=1 TO 4 

1 190 READ ^1 ;AS 

1200 PRINT AS 

1210 NEXT I 

1220 INPUT A3 

1230 IF AS»a'cl* THEN 1250 

1240 IF A3:?-D- THEN 2360 

1250 PRINT -GOODf 

1260 PRINT '3. THE NET FORCE WAS CONSTANT BETWEEN! (A) 6-9SEC> CB) 9«I3SEC>" 

1270 PRINT "(C) 13-15SEC; (D) I5-18SECJ (E) NONE OF THE ABOVE" 

1280 INPUT AS 

1290 JF AS^'d- THEN 1310 

1300 IF ASi7''D- THEN 2450 

1310 PRINT "CORRECT!" 

1320 LET L-0 

1330 PRINT "4. WHAT WAS THE ACCEL. OF THE OBJECT ON M/SEC/SEC) AT 6 SEC?" 

1340 INPUT AS 

1350 IF AS-'.S" THEN 1370 

1360 IF AS/" 1/2" THLN 2540 
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1370 PRIMT "FINEf 

I3U0 PRINT -5. DETERMINE THE NET FORCE <IN N) AT 6 SEC. (OBJECT HAS MASS OF lOKG)' 

1390 JNPUT D 

IF D#5 THEN 2630 

inXO PRINT "VERY NICE." 

1^2 0 PRINT ^YOU'LL rJOTICE ON THE GRAPH THAT THIS CONSTANT FORCE OF 5N WAS APPLIED" 

l^>30 PRINT "FROM OSEC THROUGH 8 SEC. NOWj THE FINAL PROBLEM:" 

14/|0 PRINT -6. DETERMINE THE FORCE (IN N) ACTING AT 13 SE<:. " 

1450 LET L«0 

M60 INPUT D 

IF ABS(D)*20 THEN 2700 

l^GO READ ^1 t68 

FOR l^l TO 17 

tSOO READ fillM 

1510 PRINT AS 

1520 NEXT I 

1530 LET L«0 

i5^0 PRINT "BEGIN THE EQUATION; F» . . . AND DO NOT INCLUDE A MULTIPLICATION SIGN." 

155 0 INPUT AS 

156 0 IF AS^-F-MA" THEN 1640 

irrfo IF As«"f«ma* then 1640 

151^0 IF ASr»"F«KMA" THEN 1640 

1590 IF AG = "f»Knis" THEN 1640 

1600 IF AS^'AcF/M" THEN 1640 

1610 IF AS""a=f/ra- THEN 1640 

l6i:o IF Ai;='"a=«Kf/!n" then 1640 

1630 IF ASiP'A^KF/M- THEN 2780 

it^(S PRlllI 'AUr VIIEDERSEKEN" 

1650 GOTO 3030 

1660 IF LJ'I THEN 1740 

1670 LET L^'L+l 

1600 READ #1»9! 

1690 FOR la I TO 3 

170 0 READ ^1;AS 

1710 PRINT AS 

1720 NEXT I 

1730 GOTO 410 

17^0 READ i/l t94 

1750 FOR I- I TO 3 

1 760 READ #1 >A$ 

1770 PRINT AS 

1 780 UEXT I 

1790 GOTO 460 

IbfJO IF L>i THEN 1640 

IJIO L*^T L«L+1 

1^20 PRINT "NO. SINCE F«MA, A-F/M. TRY THE PROBLEM AGAINl" 

laJO GOTO 490 

1640 P;UNT •40N/80KGnl/2M/SEC/SEC." 

n>50 PRINT "YOU NEED FURTHER ASSISTANCE IN UNDERSTANDING THIS CONCEPT. CONSULT" 

1060 PRINT "WITH YOUR TEACHER BEFORE CONTINUING THIS PROGRAM." 

1O70 C070 3030 

lydO LET L-L+1 

ia9a IF L«3 THEN 1940 

1900 IF L>3 THEN 1850 

IVIO PRiriT "WRONG ANSWER. FIRST FIND THE CARD'S ACCEL. (IT LOSES 30M/SEC IN 15 SEC." 

1920 PRINT "THENt F-tlA. CHECK THE PROBLEM AND TYPE IN YOUR NEW ANSWER^ " 
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1930 GOTO 650 

1940 READ #lf97 

1950 FOR I-l TO 4 

I960 READ #11 AS 

1970 PRINT A$ 

1930 NEXT I 

1990 GOTO 650 

2000 IF L>1 THEN 8080 

2010 LET L-L+l 

2020 READ #l>101 

2030 FOR 1=1 TO 5 

2040 READ #1>AS 

2050 PRINT AS 

2060 NEXT I 

2070 GOTO 760 

2080 PRINT "NO* THE FRICTIONAL FORCE IS 250N. " 

2090 GOTO 1850 

2100 LET L-L-M 

2U0 IF L-3 THEN ai9G 

2120 IF L>3 THEN 1850 

2130 READ #1»106 

2i40 FOR- I«l TO 4 

2150 HEAD #11 AS 

2160 PRINT AS 

2170 mxT I 

2130 GOTO 860 

2190 PRINT "NO. MASS A«F/A«I2/2»6KG| MASS B »)I2/6»2KG.* 

L'200 READ ^ I > 1 1 0 

2210 FOR I»i TO 4 

2220 READ #1JAS 

2230 PRINT AS 

2240 NEXT 1 

2250 GOTO 860 

2260 IF L>l THEN 2320 

2270 LET LnL-fl 

2280 PRINT "WRONG. SINCE F-MA, THE FORCE » 0 WHERE THE ACCEL. « 0." 

2290 PRINT "THE ACCEL. =» 0 WHERE THE VELt?IITY IS NOT CHANGING. TRY THE PROBLEM* 

23 0 0 P.iINT "AGAIN AND TYPE JN THE CORHECt ANSWER" 

2310 GOTO 1140 

2320 PRINT "NO. THE ACCEL. IS 0 BETWEEN AND 12 SEC. IF YOU DON'T UNDERSTAND" 

2330 PRINT "DISCUSS THIS WITH YOUR TEACHCR AS SOON AS POSSIBLE. NOW, TYPE IN THE" 

2340 PRINT "LETTER OF THE CORRECT RESPOKgiS." 

2350 GOTO 1140 

2360 IF L>2 THEN 2430 

2370 LET L-L*l 

2380 PRINT "WRONG. SINCE F-MA, THE FORCE IS GREATEST WHERE THE ACCEL. IS GREATEST.* 

2390 PRINT "RET-fEMBER THAT THE ACCEL. AT ANY POINT IS THE SLOPE OF THE V VERSUS T* 

2400 PRINT "GRAPH. FIND THE PLACE WHERE THE VELOCITY IS CHANGING AT THE GREATEST' 

2410 PRINT "RATE. NOW TYPE IN THE CORRECT ANSWER.* 

2420 GOTO 1220 

2430 PRINT "NOl THE FORCE IS GREATEST AT 13 SEC." 

2440 GOTO 1850 

2450 IF L>1 THEN 2520 

2vi60 LET L-L+1 

3470 PRINT "INCORRECT. THE FORCE IS CONSTANT WHERE THE ACCEL. IS CONSTANT.* 

2480 PRINT "REMEMBER THAT THE ACCEL. AT ANY POINT IS THE SLOPE OF THE V VEHSUS T* 
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2^90 PRINT "GRAPH. FIND THE LISTED TIME INTERVAL IN WHICH VELOCITY CHANGES AT A* 

250 0 PRINT "CONSTANT RATE, AND TYPE IN THE CORRECT ANSWER." 

2bIQ GOTO 1280 

2520 PRiNT "NO. THE CORRECT CHOICE WAS I5-10SEC." 

2530 PRINT "NO. THE CORRECT CHOICE 13 15-18 SEC." 

25^0 IF L>1 THEN 2600 

2550 LET L-L*l 

2560 PRINT "WRONG. ACCEL. AT ANY POINT IS THE SLOPE OF THE V VERSUS T GRAPH." 

2570 PRINT "A=CHANGE IN V/CHANGE IN T. CHECK YOUR CALCULATION AfJD TYPE IN THE" 

25^0 PRINT "CORRECT ANSWER." 

2590 GOTO I3A0 

2600 PRINT "NO. THE SLOPE IS .5M/SEC/SEC. LOOK AT THE GRAPH AND SEE IF YOU AGREE." 

2610 PRINT "THEN TRY THIS QUESTIONf 

2620 GOTO 1380 

2630 IF L>2 THEN 2680 

264 0 LET L»L*I 

2650 PRINT "WRONG. F-MA. MULTIPLY THE MASSClOKG) BY THE ACCEL. CALCULATED IN THE" 

2660 PRINT "LAST PROBLEM. CHECK YOUR CALCULATIONS AND TYPE IN THE CORRECT ANSWER." 

26 70 GOTO 1390 

2680 PRINT "NO. F»MA» I OX. 5«5N. " 

2690 GOTO 1350 

2700 IF L>1 THEN 2760 

2710 LET L«L>I 

2720 PRINT "INCORRECT. FIND THE ACCEL. AS YOU DID IN PROBLEM #A ABOVE* 

2730 PRINT "CCHANGE IN V/CHANGS IN T>. THEN F«MA. CHECK YOUR CALCULATIONS AGAIN" 

27^0 PRINT "AND TYPE IN THE CORRECT FORCE." 

2750 GOTO J460 

2760 PRINT "NO, THE ANSWER ISt -20N." 

2770 GOTO 1850 

2760 IF L>0 THEN 2340 

2790 LET L"L* 1 

2^00 PRINT "YOU MUST BE KIDDING! I'VE SPENT ALL THIS TIME WITH YOU AND YOU CAN'T" 

2810 PRINT " SAY 'F-MA'??" 

2920 PRINT "OH, THIS IS AWFULI TRY TYPING THE EQUATION AGAIN." 

2830 GOTO 1550 

se^'J PRINT "NOW I'LL BELIEVE YOU'RE KIDDING. I'LL TYPE IT FOR YOUt" 

285U PRINT "F«MA" 

^660 GOTO 164 0 

2870 READ #1,35 

2800 FOR I-l TO 3 

2890 READ # 1 ; AS 

2900 PRINT AS 

2910 NEXT I 

2920 GOTO 3030 

2930 IF L#0 THEN 3010 

2940 LET L"L>I 

29S0 READ e»U88 

2960 FOR Inl TO 3 

2970 RSAD i'UAS 

2980 PRINT AS 

2990 NiXT I 

3000 GOTO no 

3010 PRINT "RUN 'FORCEC BEFORE CONTINUING." 

3020 GOTO 3030 

3030 PRINT "TO SIGN OFF THE TERMINAL TYPE 'BYE' AND PRZSS THE RETURN KEY." 

3040 END 
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WHAT FILE IS TO BE LISTED? 

?lunf4 

STARTING RECORD NUMBER? 
71 
1 

Hlf IN THIS FINAL PROGRAM OF THE SERIES WE WILL DISCUSS WHAT 
2 

WE'VE LEARNED ABOUT FORCE AND MOTION AND INTRODUCE A SYSTEM 
3 

OF UNITS IN COl-JMON USE. HAVE YOU COMPLETED 'FORCEC' AND THEN 
4 

VIEWED FILM LOOP 'FORCE & MOTION IV'? 
S 

IN THE FIRST EXPERIMENT WE OBSERVED THAT A CONSTANT FORCE 
6 

CAUSES A BODY TO UNDERGO A CONSTANT ACCELERATION. IN THE 
7 

2ND EXPERIMENT WE OBSERVED THAT ACCELERATION WAS DIRECTLY 
6 

PROPORTIONAL TO THE NET FORCE. IN THE 3RD EXPERIMENT WE 
9 

OBSERVED WHAT KIND OF RELATIONSHIP BETWEEN ACCELERATION AND 

10 
MASS? 

II 

CORRECT I WE MAY WRITE THIS LAST STATEMENT AS: 
12 

1) M IS DIRECTLY PROPORTIONAL TO 1/A OR 
13 

2) A IS DIRECTLY PROPORTIONAL TO l/M 
14 

FROM THE RESULTS OF EXPERIMENT 2 WE CAN WRITE! 
15 

3> A IS DIRECTLY PROPORTIONAL TO F 
16 

STATEMENTS <2) & (3) CAN BE COMBINED AND WRITTEN AS: 
17 

A IS DIRECTLY PROPORTIONAL TO F/M 
18 

AN EQUIVALENT STATEMENT ISt 
19 

MA IS DIRECTLY PROPORTIONAL TO F 
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20 

ORt F IS DIRECTLY PRO PORT lOhfAL TO MA 
21 

IN EQUATION FORM I 

22 
F«KMA 

23 

MASS, AND ACCELERATION. IT WOULD HAVE A SPECIFIC VALUE IF WE 
24 

CONTINUED TO MEASURE FORCE IN 'BANDS' AND MASS IN 'BRICKS'. 
25 

THE UNITS WE USED HAPPENED TO BE CONVENIENT FOR US, BUT 
26 

THEY ARE NOT IN COMMON USE IN THE WORLD. THE EQUATION, OFTEN 
27 

REFERRED TO AS NEWTON'S 2ND LAW, IS PERHAPS THE MOST FUNDA- 
28 

MENTAL EQUATION IN CLASSICAL MECHANICS, AND THE UNIT OF FORCE 
29 

COMMONLY USED IS DEFINED SO THAT K IN THE EQUATION » 1. 
30 

IN SCIENTIFIC WORK A VERY COMMON UNIT OF MASS IN USE TODAY 
31 

IS THE KILOGRAM <KG). THE BASIC UNIT OF FORCE WILL CAUSE A 
32 

MASS OF I KILOGRAM TO ACCELERATE AT IM/SEC/SEC. THIS UNIT OF 
33 

FORCE IS CALLED THE NEWTON (N). IN OTHER WORDS A FORCE OF IN 
3^ 

WILL CAUSE A MASS OF IKG TO ACCELERATE IM/SEC/SEC. USING THESE 
35 

UNITS THE EQUATION IS WRITTEN I 
36 

F"MA 
37 

IN-IKG M/SEC/SEC 
38 

TRY THE FOLLOWING PROBLEM USING THE MKS (METER, KILOGRAM, 
39 

SECOND) SYSTEM OF UNITS. A 600KG SPACESHI,^ IS PROPELLED BY 
AO 

A ROCKET ENGINE. ITS ACCELERATION IS 2M/SEC/SEC. 
41 

RIGHT! IT IS IMPORTANT TO POINT OUT AS I DID IN EXP. 2 THAT F 
42 

REPRESENTS THE VECTOR SUM OF ALL FORCES ACTING ON THE OBJECT. 
43 

KG CAR IS TRAVELLING AT A SPEED OF 30M/SEC WHEN THE BRAKES 
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ARE APPLIED. THE CAR STOPS IN IS SEC. IF WE ASSUME A CON- 
45 

STANT ACCELERATION, WHAT WAS THE FORCE (IN N) APPLIED BY THE 

46 
BRAKES? 

47 

GOODI THE NEGATIVE BRAKING FORCE PRODUCED A NEGATIVE ACCEL. 
48 

IF THE VECTOR SUM OF THE FORCES ON A OBJECT " 0, THEN THE 
49 

OBJECT WILL UWDERGO 0 ACCELERATION. IN OTHER WORDS ITS 
50 

VELOCITY WILL NOT CHAT^GE. HERE'S A PROBLEM ON THE SUBJECT! 
51 

TO PUSH MY STOVE ACROSS MY KITCHEN FLOOR AT A CONSTANT 
52 

SPEED OF IM/SEC, I MUST APPLY A FORCE OF 250N. 
53 

SURE! NOW THY THIS PROBLEM I A FORCE OF 12N GIVES MASS A 
54 

AN ACCEL. OF 2M/SEC/SEC AND MASS B AN ACCEL. OF 6M/SEC/SEC. 
55 

WHAT IS THE ACCEL, CIN M/SEC/SEC) WHEN THE TWO ARE FASTENED 
56 

TOGETHER AND THE SAME FORCE IS APPLIED? 
57 

GOODI 

58 

THE LAST FEW QUESTIONS DEAL WITH THE GRAPH PRINTED BELOW 
59 

WHICH SHOWS THE VELOCITY OF A lOKG OBJECT ALONG A STRAIGHT 

60 
PATH. 

6t 

IN THE NEXT 3 QUESTIONS TYPE IN THE LETTER OF THE BEST 
62 

RESPONSES 
63 

64 

CORRECT! 
6S 

2. THE NET FORCE ACTING ON THE OBJECT WAS GREATEST ATt 
66 

(A) 0 SECl CB> 4 S£C{ CO 10 SEC| (D> 13 SEC} <E) 16 SECf 
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67 

<F) NONE OF THE ABOVE. 
68 

OKI IT'S A GOOD IDEA TO WRITE THIS FORCE AS -20N SINCE 
69 

THE FORCE IS OPPOSITE THE DIRECTION IN WHICH THE OBJECT IS 
70 

MOVING. 
71 

THE IDEAS WE'VE BEEN DISCUSSING IN THESE FOUR PROGRAMS ARE 
72 

FUNDAMENTAL IN CLASSICAL MECHANICS. OUR UNDERSTANDING OF THEM 
73 

JIAS BEEN GREATLY ENHANCED BY THE BRILLIANT INSIGHTS PROVIDED 
74 

BY GALILEO, NEWTON, AND THEIR SUCCESSORS. THE STORY OF THE WORK 
75 

OF THESE EARLY SCIENTISTS IS FASCINATING READING. 
76 

THESE IDEAS PROVIDE A STARTING POINT FOR FURTHER STUDY IN 
77 

MECHANICS. VERY SOON, FOR EXAMPLE, YOU WILL STUDY FALLING 
78 

BODIES. WHEN A BODY FALLS THE FORCE CAUSING IT TO ACCELERATE 
79 

IS ITS WEIGHT... 

80 

XT HAS BEEN VERY- NICE WORiaNG WITH YOU IN THESE PAST FOUR 
61 

EXPERIMENTS. PERHAPS WE'LL MEET AGAIN IF SOMEONE WILL WRITE 
82 

MORE PROGRAMS...? 
83 

BEFORE WE PART, YOU'LL HAVE TO TYPE IN THE EQUATION REPRE- 
64 

SENTING NEWTON'S 2N0 LAW WHICH WE DEVELOPED IN THIS PROGRAM. 
85 

THIS PROGRAM IS THE 4TH IN A SERIES. SINCE THE CONCEPTS DEVELOPED 
86 

ARE SEQUENTIAL YOU SHOULD BEGIN BY VIEWING THE FILM LOOP 
87 

'FORCE & MOTION I' AND THEN RUN 'FORCEA'. 
88 

YOU SHOULD KNOW THE CORRECT ANSWER TO THIS QUESTION 2F YOU'VE 
89 

BEEN THROUGH 'FORCEC'. I'LL GIVE YOU ONE MORE CHANCE TO TYPE 
90 

IT PROPERLY. 
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WRONG. THE FORCE (IN N) » MASS (KG> X ACCEL <M/SEC/SEC). 
92 

MULTIPLY THE MASS TIMES THE ACCELERATION TO FIND THE FORCE IN 
93 

MEWTONS. TRY THE PROBLEM AGAIN. 
94 

NO. 600KG X 2M/SEC/SEC = 1200N. IF YOU DON'T UNDERSTAND 
95 

DISCUSS THIS WITH YOUR TEACHER AS SOON AS POSSIBLE. NOW HERE'S 
96 

ANOTHER PROBLEM. 
97 

NO. THE ACCELERATION IS 30/15 = 2M/SEC/SEC. FaSOOO X 2 » 4000N. 
96 

IF YOU DON'T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS 
99 

SOON AS POSSIBLE. READ THE PROBLEM AGAIN AND ANSWER IT 

100 
CORRECTLY. 

101 

INCORRECT. THE STOVE IS TRAVELLING AT A CONSTANT SPEEDf THERE 
102 

IS NO ACCELERATION. THEREFORE THE SUM OF ALL FORCES ON THE 
103 

STOVE MUST =0. IF 250N IS BEING APPLIED TO PUSH THE STOVE, 
1 04 

THERE MUST BE AI^I EQUAL AND OPPOSITE FORCE DUE TO FRICTION. 
1 05 

ANSWER THE PROBLEM AGAIN. 
106 

SORRY, WRONG ANSWER. YOU CAN FIND MASS A AND MASS B BY 
107 

USING NEWTON'S 2ND LAW FOR EACH. THE NEW MASS BEING ACCEL. 
108 

RATED IS THE SUM OF MASS A AND B. USE THE 2ND LAW TO FIND 
109 

THE NEW ACCELERATION. ANSWER THE QUESTION AGAIN. 
110 

THE TOTAL MASS = 6-f2»8KG. THE NEW ACCEL. «F/M*12/8-l . 5. 
Ill 

IF YOU DON'T UNDERSTAND, DISCUSS THIS WITH YOUR TEACHER AS 
J 12 

SOON AS POSSIBLE. READ THE PROBLEM AGAIN AND ANSWER IT 

1 13 
CORRECTLY. 
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In this first investij^ation the experimenters are studying how an object's 
velocity chanf;cs when a constant force is applied. Tliroughout all the runs of 
today's cxperiracnts the rubber band has been stretched 60 cm. and the force is 
held constant as you observed in the film loop. 

In the first run there were two bricks on the cart^ and the experimenters 
gathered the following data from a careful analysis of the ticker tape pulled by 
the cart. 

TIME (sec) VELOCITY (cm/sec) 



.1 


1.6 


.2 


3.2 


.3 


4.8 


.4 


6.4 


.5 


8.0 


.6 


9.6 


.7 


11.2 


.8 


12.8 


.9 


1A.4 


1.0 


16.0 



To sec how the data would differ unocr the influence of a different load, 
the experimenters made a second run v/ith four bricks on the cart. The follow- 
ing data was gathered from a careful analysis of the ticker tape made in the run. 



TlMIi: (sec) 


VELOCITY 


.1 ' 


1.0 


.2 


1.9 


.3 


2.9 


.4 


3.8 


.5 


4.8 


.6 


5.8 


.7 


6.8 


.8 


7.7 


.9 


8.6 


1.0 


9.6 



To study the data, construct a graph plotting Iboth curves on the same 
velocity vs. time axes for ease of comparison. 

Next, discuss the follov/ing questions in your experiment reports: 

1. V/hat I'vind of relationship exists betv;een velocity and time undet chese 
conditions? 

2. The constant force gave the cart what kind of acceleration? (Remember 
that the acceleration of an object at any point is the slope of its 
velocity vs. time graph at that point.) 

3. Analyze the graph and determine the acceleration in cm/sec^ produced by rhc 
force in both runs. 

4. V/as the acceleration greater or smaller v/hen the smaller mass was 
accelerated? 

Next, list the sources of experimental error as you envision them and state 
the major conclusions you can draw from the experiment. 

After you have completed the write-up of the experiment, do the following 
problem: 

an airplane's engines produce a net force which is constant and which 
cn l/^"elerates the plane from 0 to 100 m/sec in 20 sec, what will be the plane's 
i^^oclty at- the end of A-O-sec? • • • ' 
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In the first experiment, we obserx^ed that a constant force gave our cart 
a constant acceleration. In this investigation the experimenters are studying; 
how different forces affect the acceleration of ax\ object. As you observed in 
the film, we can very the force we apply by using different numbers of rubber 
loops stretched a constant length. 

In this particular experiment the loops were always stretched 60 cm, and 
the cart was loaded with 2 bricks throughout all the runs. A different value 
of force was applied in each run, and the corresponding value of acceleration 
was determined from a careful analysis of the ticker tape pulled by the cart in 
each run. Here is a table of the data collected in this experiment. 

FORCE (loops) ' ACCELERATION (cm/sec^) 

1 8 

2^ 24 

3 40 

4 56 

5 72 

6 88 



To study the data plot a graph of Acceleration vs. Force. 

Next, discuss the following questions in your experiment report: 

1. What kind of relationship exists between acceleration and force under these 
conditions? 

2. (a) If we extend the graphs what acceleration do we predict for a force of 
0 loops? 

(B) Is this extrapolation justified? 

3. Note that the graph does not pass through r.he origin. Perhaps a f riction al 
force keeps the cart from accelerating v/hen we apply a sraall positive force. 
If this hypothesis is true, determine from the graph the force of friction 
in the system. 

4. Had we used a cart v/ith greater friction then in our experiment, would the 
intercept on the force axis be to the rip,ht or to the left of its present 
location? 

If, the experimenters had plotted the r esultan ^ force acting on the cart 
instead of the applied force, the graph would have passed through the origin. 
(The resultant force is the applied force minus the force of friction; a graph 
of the r^es ultan t force vs. acceleration represents the relationship for a 
frictionloGS cart.) On your graph paper, sketch a dashed line to display the 
F vs. A relationship if the cart had been f rictionless . 

Write an equation to fit the dashed line. Use K to represent the slope 
(don**t bother to calculate it). 



List the sources of experimental error as you envision them, and state 
the major conclusions you can draw from the experiment. 

After you have completed the wite-up of this experiment do the following 
problems: 

1. A spaceship is accelerating in space at 10 m/sec2 due to the force provided 
by one rocket engine. Suddenly two more identical rockets are ignited 
providing thrust in the same direction as the first. What acceleration 
does the ship now experience? 



O 2* In 10 sec. an object accelerates fiom to a speed of 300 cm/sec when 

ERXC- - • acted upon by a net force. (F) . At-the end of fche- 10 sec. interval •F * • 
MimiiiM i mi i in becomes one-third its ori|^;inal strength. What is tlie speed of the oblcct 
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In the first experiment of this ntiriea wc observ^^d that a constant force 
caused a body to have a constand acceleration. In the last experiment we held 
the mass conritant and observed that the acceleration of the cart was directly 
proportional to the applied force* In this invcsitigntion the experimenters are 
studying how a constant force accelerates different masses. As you observed in 
the film, we can vary the cart's mass by using different numbers of identical 
bricks for a load. 

In this particular experiment the mass of the empty cart was adjusted to 
equal the mass of one brick, and a constant force of SO cm was applied to the 
cart throughout all runs. A different number of bricks was placed on the cart 
in each run, and the corresponding value of acceleration was determined from a 
careful analysis of the ticker tape pulled by the cart in each run. Here is a 
table of the data collected in this experiment. 

TOTAL IIASS 



of Load and Cart (brkcks) ACCE LKRATION (cm/sec^) IM 

^ 2 ^ * 32.0 .031 

3 21.3 .047 

5 12*8 .078 

7 9.1 .109 

9 7.1 .141 



To study the data plot a graph of Acceleration vs« Mass. 

Next, discuss the kind of relationship which exists between acceleration 
and mass under these conditions. 

Our primary task as physicists is to find an ali^ebraic expression for the 
relntioaship hetv,oen acceleration and mass. A study of the staph you've just 
constructed su^.f^osts that it mi^ht be a 1st pox^av inverse relationship, that is: 
acceleration jr> directly proportional to 1/mass, or mass is directly proportional 
to 1/acceleration. To ciieck out, this prediction, plot a new P.raph of 1/A vs. 
Mass for each of our trials usin^^ the data collected in the experiment. 

\ 

^^lat kind of relationship exists between the two variables which you ve 
plotted^ 

V 

Write an equation to fit this graph. Use K to represent the slope (don't 
bother to calculate it). 

Here is a problem for you to try using your graphs and the experimental 
apparatus: A rock of unknown mass was placed on the unloaded cart. A run was 
made with it applying tlie same force as in the other runs. An analysis of the 
tape indicated an acceleration of 15.0 cm/sec . V/hat was the total mass of rock 
and cart? 

What is the mass of the rock along? (This method you're using is one 
means of detcrriinin^ the inertial mass of an object.) 

List the sources of experimental error as you envision them, and state 
the major conclusions you can draw from the experiment. 

After you have completed the write-up of this experiment do the following 
problems : 

1. A car has a maximum acceleration of 8 m/sec^. If the car towa another car 
^ of identical mass and design, what will be the maximum acceleration? 

ERJ^ Mass A accelerates at 80 ft/sec^ and moss b accelerotcs at 20 ft/sec^ when 
identical forces arc applied. What is the ratio: MassA/HassB? 
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In this final section of the scries, we will discuss what weVe learned 
about force and motion and introduce a system of units in conunon use. In the 
first experiment we observed that a constant force causes a body to undergo a 
constant acceleration. In the second experiment we observed that acceleration 
was directly proportional to the net force. In the third experiment we observed 
what tnnss and acceleration are inversely related when a constant force is 
applied • 

Vie may write this last statement as: 

1) M is directly proper ti^^l to 1/A or 

2) A is directly proportional to 1/M 
From the results of Experiment 2 we can write: 

3) A is directly proportional to F 
Statements (2) and (3) can be combined and written as: 

A is directly proportional to F/M 

An C(iuivr*leut i;tatCmC;iL is; 

MA is directly proportional to F 
or: F is directly proportional to MA 

In equation form: 

F «= KMA 

In this equation K is a constant of proportionality and its numerical 
value depends upon the units used to measure force, mass, and acceleration. 
It would have a specific value if we continued to measure force in LOOTS and 
mass in W^IjCKS. The units vje used happened to be convenient for us, but they 
are not in common use in the world. The equation, often referred to as tlcwton's 
2nd Law, is perhaps the most fundamental equation in classical mechanics, and 
the unit of force coumionly used is deflited so that K in the equation equals 1. 
In scientific work a vary common unit of mass in use today is the kilogram (kg). 
The basic unit of force will cause a mass of 1 kllocram to accelerate at 
1 m/sec . This unit of force is called the Newton (N) . In other words, a force 
of 1 Newton will cause a mass of 1 Kiloj:ram to accelerate 1 m/sec^. Using these 
units the equation is written: 

F « ItA 

1 N « 1 kg ra/sec^ 

Read the information above carefully. After you understand it, do the 
following problems. 

1. A 600 kg spaceship is propelled by a rocket engine. Its acceleration is 
2 o/sec^. What is the net force acting on the spaceship? 

2. An 80 kg astronaut in equilibrium outside his spaceship receives a ^0 
Newton force from a propulsion jet attached to him. What acceleration does 
he experience? 

3. A 2000 kg car is travelling at a speed of 30 m/sec when the brakes are 
applied. The car stops in 15 sec. If we assume a constant acceleration, vha : 
was the fot^e «:p;Vk<^d f.hc brakvj? 




4. lo push my stove across riy kitchen ilc a con stan t speed of 1 m/sec, 

I must apply a force of 230 N. What is the ffictional force acting on the 
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5. A force of 12 N i\ivcs mass A an acceleration of 2 m/sec^ and mass B an 
acceioration of 6 m/sec^. What is the acceleration when the two are 
fastened together and the same force is applied? 

The last few questions deal v;ith the j>raph printed below which shows the 
velocity of a 10 kg object along a straij>ht path. 



V 
E 
L 

0 (xn/sec) 
C 
I 
T 
Y 

TIME (sec) 

6. The net force acting on the object was 0 at: (A) 0 sec; (B) A sec; 
(C) 10 sec; (D) 13 sec; (E) 16 sec; (F) None of the above. 

7. The net force acting on the object was greatest at: (A) 0 sec; 

(B) 4 sec; (C) 10 sec; (D) 13 sec; <E) 16 sec; (F) None of the above. 

8. The net force was constant between: (A) 6-9 sec; (B) 9-13 sec; 

(C) 13-15 sec; (D) 15-18 sec; (E) None of the above. 

9. What was tUe acceleration of the object at 6 sec? 

10. Determine the net force at 6 sec. (The object has a mass of 10 kg.) 

11. Determine the net force acting on the object at 13 sec. 

The ideas we've been discussing in these four ''experiments*' are 
fundamental in classical technics. Our understanding of tliem has been ^^reatly 
enhanced by the brilliant insights provided by Galileo, Newton, and their 
successors. The story of the work of these early scientists is fascinating 
reading. 

These ideas provide a starting point for further study in mechanics. 
Very soon, for example, you will apply them in the study of falling bodies. 
When an object falls the force causing it to accelerate is its own weight... 

F = MA 




Answers to some of the above questions are: 



1. 1200 N 

2. .5 m/sec^ 

3. 4000 N 

4. 250 N 

5. 1.5 m/sec^ 
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Acquisition and Use of Materials 

Computer Programs , The author authorizes non-commercieil use of the 

programs in the unit without his approval. A magnetic tape of the computer 

programs and files may be obtained for a total cost of $25.00 includirx^y 

all mailing and handling charges. The tape may be obtained by writing: 

Librarian 
Computer Center 

Lindquist Center for Measxxrement 
University of Iowa 
Iowa City, Iowa 522U2 

Printed Materials and Evaluation Instruments . The author authorizes 
non-commercial users to reproduce, citing the source, the printed 
materials included in this Technical Report. The Project Physics Test 
items which are included in the evaluation instruments were selected 
from preliminary editions which are in the public domain. 

Film Loops . Four film loops are available to support the unit. 
They are not essential to effective use of the unit, but they may be 
obtained from the author for a total cost of $80.00 including all 
mailing and handling charges • 



